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i S HERPFIWs 

Mathematical Tables, 

Contrived after a moft 

COMPREHENSIVE METHOD: 

» 
CONTAININGi 

Dr. Wallis\ Account of Logarithms, Dr. Hal- 
ley % and Mr. Sharp\ Ways of conftruding 
them; with D/. Newton % Contradion of 
Briggs% Logarithms, . 

V I zV" 

A T A B L E oi Logarithms of the Numbers from 
I to loiooo, with the means to find readily the 
. Logarithm of any Number,, and the Number of 
any Logarithm, to Seven Places of Figures : 

AND 

TABLES of natural and logarithmic Sines, Tangents, 
Secants and Verfed Sines, to every Minute of the Quadrant : 

WITH THE 

EXPLICATION and USE prefixed. 
The FOURTH EDITION. 
Carefully revifed and correfted, 

By WILLIAM GARDINER, 

LONDON: 
Printed for W. and J. Mount, T, Page and Son, 

on Tower-Hi/L M,dcc,lxi. 
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To Mf. Edm* Halley, Savflian 
Profeffor, of Geometry^ in the Urn* 
verfiiy of Oxford 

T Dddg tinivenally acknowledged that 
by the learned Profellbrs of Geo^ 
metiy in the S a v i l t a n C h a i r^ 
(viz. Mr. BH^gs, Dr. TFallis^ and 
Tour Self) the Logatithmiad Art hath receiv'd 
its greateft Improvements, and the Ufe of thofe 
Numbers have bjr them been full/ taught and 
divulged* *Tis to jou therefore, who fiicceed, 
and Oasue. equally with your famous Predecef* 
fbrs in the fame honourable Pofl, (and in Me-* 
mory of them) that I think My Self bound in 
Justice to prcibit thefe Colledions. 

Mr» Briggi^ with excefHve Patience, calcu* 
lated Thirty-one Chiliads of thefe Decimal 
Logarithms^ to Fourteen Places, alio the Sitm^ 
Tangents^ Secants^ with the Logarithm Sines and 
Tangents y and Shewed their Conftrudion and Ufe; 
of which Dr. Wallis gives a particular Account in 
the Twelfth Chapter of his Algebra^ which is 
our Introdudion. 

Then 



The DEDICATION." 

Then I return you your own Compendious :^and 
Facile Method of Conftfti6Hng the Logarithms, 
with the reverie of that Noble Problem: And 
indeed letting aUde what is Printed fix)m Mr. 
Brtggs. above-mentioned, or Mr. ^6r. Sharp (to 
whom the World is indebted for their Induilry 
in this Kind) the reft of the Difcourfes, both 
before and after the Tables, are either Written or 
Chofen by Yourielf ; therefore I exped your kind 
Acceptance, and remain, 

S I Ry 
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JTour very much Ohliged 

Humble Servant, 

UnitHi July 12, 1705.- 

Hen. Sherwin. 
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PRE FA C E. 



ERE the ConftniBhn and U/e of the 
folhmng Tables known to every Body^ 
thty Jhould come forth into the World 
nmthmt any IntroduEkry Difcourfe ; 
• but as the Cafe fiands^ and that Kncw^ 
ledge is the Jhare but of few., it may be proper to add 
fometbing upon both thofe Heads : and what is here 
prefented is gathered from the mojl Celebrated Au^ 
thors that have improved thefe SubjeBt amongjl our 
fehes^ viz. Mr, Briggs, Dr. Wallis, and Mr, THlal- 
ley, the 77)ree Profeffors of Geometry in the Savi- 
ifan Chair at Oj^rd : To lead the Reader on from 
the Beginnings we give him the 12 th Chapter of 
Dr. Wallis'j Algebra, which treats of the Original 
of Logarithms, and gives a full Hiflory of their 
Progrefs. To this is fubjoynd, Mr, Halley V CW- 
fendimis Method of making Logarithms, which pro^ 
ceeds o^raBedly frofn the Nature of Numbers with- 
out any regard to the Hyperbola \ from which is 
deduced for PraEiice the making of the Natural, and 
Mr. BriggsV ; With the further Profecution of the 
fame SubjeSl, generoujly Communicated by the ingenious 
arid unwearied Mr. Abr. Sharp, with his Table of 
Logarithms to above Fifty Figures ; as alfo the Hy^ 
ferbolic Logarithm of 10 to 80, and it's Reciprocal, 

A 3 . ta- 



Th« PREFACE. 

to 65. TienfoUffuos by the fame Handy the CmJlruBim 
of the Sines y Tangents and Secants ; with the whole 
Procefs of the ^adrature of the Circle toyt Figufts : 
fFbich Quadrature was invented^ and here demon* 
Jiratedy fy the aiove-mentioned Mr, Halley. 

To (opie to the principal Part cf the Performance %. 
as to the Tahlesy we m^ venttfre to fay (vnthond 
Partiali^ (that we offer here a more con^e^u Set 
of them than can he found i^ ^t*9 ^^ Book now 
Extent y and douht not, kit upon careful Perufa^t 
they will be found as Ufeful and CorreB* Tlba 
Method we opferved in Printing the Logaritfaim is 
acc(ff'ding to that excelknt AhbreviaOon rf Dr» Jolui 
Newton in his Trigooometna Britannica ; to which 
is addfdythe Difference between eadt lioganthin) emd 
the Proportion^ Paris, in the loft Column of the 
fame Page ; by which the Logjuithm rf> a/fy Num- 
ber (& contra) under 1 0,000,000 mo^ be readily 
found, mthout turning to any other P^ge, 

The manner tfplacii^ the TaUes (f natural Sinies^ 
Tang^ts <!»(/ Secants, and f heir I^iQgarithms, if ok- 
folutdy New, and very Advantageous % for to each 
l«oganthm in thofe Tables are placed the Differences 
which are common to the Column of Logaridims an 
both fdes ; By which the Sefonds may be eafly founds 
And for that End, between them and the Table ^ 
Ix^arithms, /V placed a fnudjt T^ble to convert 
Sexagefimals into Decimals, ^md contrarily, * 

The next and chief Thing confiderable in the Ti» 
bleS) is their Corr^nefs ', and here we wUl give ^ 

par^. 

* Li this third Edition to be placed at the ttiA of the VerTedrfines. 



The jPREFACE. 

particular ^count of the Meafuret we took to maU 
tbemfo. As for the Table of Logarithms it wot 
examined from i to 20000 and from 90000 to 
10 1 000 ^ Mr, Briggs'x Arith. Lo^ar. Printed at 
LoDdon 1624, arid f ran 1 to 100,000 ^/Adriaa 
VlacqVTable, Printed at GoM^ta 1628, And to 
Jbew our Care herein^ as well as for Puklick Ser^ 
vke^ nae here place a Table of the Errors we found 
(when corrtSiing our own] in Mr. BriggsV and 
Vlacq'i aheve mentioned Canons ; andhecaufe Vlacq^i 
own Errata Table is found in few of bis Booh fin--, 
fotmich that Dr. NewtonV abtve-mentioned Canon 
is primed with ttil his Errors) therefore we thought 
it neceffary to give it here with our Additions. 
Where Note% that fu£b of his Errors as we now 
found are marked with (a), and a fingle one in 
Mr. Bsiggjks with (b) ; andthofe which are common 
U Mr. Brigg'B and Vlacq are marked with (B.) 
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The preface;. 

Tie Tables of Natural Sines, Tangents and 
Secants, 'were examined by thofe of Van Schooten, 
Printed at Amflerdam 1627 (which are faid to * 
be without one Fault) and Sir Jonas Mbor*s new 
Syfieni'y the 'Tables of Logarithmic Sines, Tan- 
gents and Secants were examined by a Table of the 
faid Vfeeq, in large OBavo^ Printed at Goudae 
1626, as alfo by the faid Syflem* And in all 
theft Examinations there were never lefs than Two 
to harkeny whilft One read over the printed Sheet to 
be CorreBed* 

The Table ^ Veirfed Sines was printed from^ and 
alfo examined by that itt Sir Jonas Moor s Syfiem, 

The Traverfc Table is new Calculated to a larger 
Radius than any Extant^ and was examined with 
the greatefl Core, 

After the Tables follow the various Ufes of Lo- 
garithms 4nade plain to the meanefi Capacity ; to . 
which is addedy the Solution of Plain and Spherical 
Trigonometry iy Logarithms, from^ Mr. Bri^sV 
Englifli Edition of his Lpgarimmical Arithmetic ; 
and the Ufe of the [natural] Verfed Sines from 
Sir Jonas Moor*s, Syflem, 

The demonftration of compound Inter eft ^ withfome 
Propofitions of Navigation^ were both of them be^ 
fiono&i by Mr. Halley, and revifed by him ; as were 
mofl of the Sheets of the whole Difcgurfe : wherein 
he was pleafed to make many advantageous Alte- 
rationsy jor which I return him my hearty Thanks. 

AD)^ 
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ADP-ERTISEMENr, 

AT the defire of the Proprietors of this Book, I 
^ have examined, and corre6ted the Table of the 
Logarithms erf Numbers in this third edition, with great 
care : The Tables of Sines, Tangents, Secants and Verfed- 
fines, both natural and logarithmical, are here made 
fo perfeft, as to be the neareft truth poffible in their 
Joweft place, and arc titled and difpofed in a more com- 
modious manner than they were before: The Verfed- 
fines being anew computed, the natural from the Sines 
in Rbieticfs great Canon, and the logarithmic from the 
log. fines in Flacq*Sy where each is carried three places 
lower t The Traverfe Table, for the ufe of Navigation, 
I have ^ put into a more convenient form, and added new 
chafers of their ufe. 

The explication and ufe of the Tables are here put 
at the beginning of the Book, where the doftrine of 
decimal fra£tions is diftinftiy treated of, and the method 
of finding by the Tables, the logarithms of given num- 
bers, and the numbers of given logarithms; with their 
ufe in multiplying, dividing, raifing powers, extra6ling 
roots, and in compound intereft; alfo the method of 
finding the fine, co-fine, tangent, co-tangent, fecant, cor 
iecant, and verfed-fine of a* ^ven number of degrees, 
minutes, fecants, and thirds, and the contrary ; with the 
feveral Cafes of Trigonometry, and fome ufeful Propor- 
tions in Navigation. Here I have made fome alterations, 
and additions, particularly the 5th, 8th, and oth chapters. 
Then follows what Mr. Sherwin had prenx*d to the 
Tables in the former editions ; viz. Dr. fFallis's difcourfe 
of the invention and ufe of logarithms j Dr. Halkys 
method of conftrufting logarithms-; Mr. Sharp's me- 
thods of making logarithms, natural fines, tangents, 
and fecants ; with Dr. Hallefs and Mr. Sharp's compu- 
tations 



tadons of the Quadrature of the Circle. To this ' 
have added, Mr. .Macbiti% proportkm of the diamete^ 
of a cirTcIe-to its -eircumiercnce, to 160 places of figures: 
Mr. Sharf'i table of the logarithms of all the integer 
numbers unddr -lod, and of ul the prime numbers under 
1 1 00, to 61 places of figures J with their ufe, in find- 
ing ihe logarithm of any number, and the number of 
any logarithm to as many places : Whereunto arc adjoift'd, 
the logaiithms of 41 numbers, from 999980 to 1000020 
inchifive, to 61 places, with their ift, 2d, 3d and 4th 
differences to 30 places ; which may be of ufe for the 
more eafy finding the logarithm of any number to 30 
places, and the number of any logarithm to 20 places. 
By the ifl and ad difierences only. 



William Gardiner. 
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CHAP. I. 




Of "Decimal FRjiCTIONS, 

H E Nature of a Decimal Fraakn may be coo* 
ceiv*d, by imagining a Foot-rule (or any other ' 
Meafurc) to be divided into ten cqu^ parts ; 
then each part is ti ; and if every one at thofe 
parts be divided into ten equal parts^ the Foot 
(or other Meafure) will be divided into loo 
equal parts ; thus cycty part of the firft divifion is ,i^ or ^j J j and 
every pan of the fecond divifion, in refpeft of the whole, will be 
jif : After diig manner we may conceive a Foot, a Yard, an 
Acre, an Hour, a Bulhel, a Pound, a Shilling, 6?r. to be divided 
into lo, loo, looo, loooo, fcfr. equal parts, at pleafure. 

n. In Decimal Fraaions \ the Figures exprefs'd is the numcra- 
tor, and the denominator is omitted ; becaufe known to be aU 
ways an unit, with fo many cyphers as there are places in the 
numerator : Alfo a Decimal Fraftion is diftinguifh'd from an In- 
teger by a point prefixed, as .2 for ^5, -34 for r\% .56.7 for .- i^l, 
•00S9 for tvlvv, (^c. 

Obfcrvc the fame in mixt numbers, as, 678,0 for 678 -? 
67. 8g ifor 67 T«, 6.789 for 6 t^I?, ^c. ^ . 

III. Cyphers at the right hand of a Decimal Fraftion alter not 
it's value •, for .5 or .50, or .50000, is each of them of the fame 
value equal to t4 or i : But Cyphers at the left hand in a Decimal 
Fradion decreafe the value in a tenfold proportion ; for .05 is ^i^, 

.005 is Too 05 -0005 '^ TzUsy ^c. 

IV. Decimal FraSions are eajily reduced to a common denomina- 
tor^ by making (or even fuppofingj all of them to confift of the 
fame number OT places i & .3, .45, .067, .oo5q, maybe wrote 

R thus. 



t Of Decimal FraSims. 

thus, .3000, .4500, .0670, .0089 ; all which coniifting of four 
'places^ their common denominator is an unit with four cyphers, 
viz. 1 0000. 

V. Addition and SubtraSiion arc the fame as in whole numbers, 
when the places of the fame denomination are fet under one ano- 
ther : As in the following Examples. . » 



Addition. 



0.3 

0.45 
0.06789 



0.81789 




75-9375 



242.9980 



Subtraftion. 




VI. In Multiplication ; the work is the feme as in whole num- 
bers, only in the produd: feparate with a point fo many figures to 
the right hand as there Ire fra^ion places both in the multi* 
plicand and multiplier, then all the figures on the left hand of 
the point make a whole number, and thole on the right a Decimal 
Fraction. 

N.B. If there be not fb many figures in the produft, as ought 
to be feparated by the preceding Rule, then place cyphers at the 
left to compleat the number, as may be feen in the fixth and fe- 
venth Examples. 



i 



f" 


I. 456 
21.3 


Ex. 2. 45.6 
21.3 


Ex. 4. 45.6 
0.213 


Ex. 6. 0.456 
0.213 

• 0.697128 




1368 

456 

9£2 


971.28 


9.7128 


Ex. 3, 456 
0.213 


Ex. 5. 0.456 
2.13 


Ex. 7. 0.0456 
0.213 


"^712.8 


97.i'28 


0.97128 


0.0097128 



VII. In Divijjon ; work as in whole numbers, only in, the quo- 
tient feparate witha point fo many figures to the right hand (for a 
Decimal Fraftion) as there are fraftion places in the dividend 
more than in the divifor ; becaufe there muft be but fo many 
fraction places in the divifor and quotient together, as there are in 
the dividend. 

Or the Places of the quotient may be known as foon as the ope-r 
ration is begun -, by fetting the divifor, or its firft multiple, 
under the firft figures of the dividend exceeding it ; then will the 
units place in the divifor, or i/s rnultiple, ftand under fuch a place 
in the dividend, iis the firft fi^gnificant figure of the quotient is to 

have, 
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hve, as in the firft and kft Examples below, 
here alfo infeited for ^illuftradon : In the 234890.00(347.98 
Firfy here 5 (the units place in the divifor 2025 
muldplied by 3) ftands under 8 the hundreds 
place in the dividend, therefore 3 the firft figure of the quotient 
wilj be hundreds ; to there will be three integer, and two iraaioft 
places in the quotient : In the Lofty here 

the units place is the divifor's multiple .O234890oo(.0347.98 
comes under 2 in the dividend, which is 2,025 
in the iecond place of the fradion ; there- 
fore 3 the firft fignificant figure of the quotient will be the fame^ 
and a cypher muft be prefixed,, as dircfted in the note on Multipli- 
cation : Alfo when in the operation the units place of the divi- 
for is fct under the units place in the dividend, it gives the 
units place in the quotient, and whatfoever (hall come into the 
quotient beyond, muft be feparated for a Decimal Fraftion. 

Therefore, if the divifor be a whole Number, the quotient will 
have the fame number of fraftion places as the dividend, as Ex, i . 
If the dividend confifts of fix decimal places, and the divifor but 
of two, there will be four decimal places in the quotient, as 
Ex. 3. 

If rhene be more decimal places in the dividend, than are in 
the divifor and quotient together, -place cyphers at the left hand 
of the quotient, to compleat the Number, as Ex. 5. where one 
cypher is prefixed. 

Annex what number of cyphers you pleafe to the right hand of 
the dividend ; (fee Rule 3) but if 

the dividend be made to have Dhi/or ^ Dividend Sluotient 
three fraAion places more than are 675) 234890.00 ( 347.98 
in the divifor, there will be three 67.5^ 2348.9080 ( 34.798 
fuch places in the quotient, which, 6.75) 23.489000 ( 3.4798 
in moft cafes is fufficient, except it ^.6j^) ,23489000 ( .34798 
is to be multiplied afterwards. -675) .023489000 ( .034798 

VIIL Vulgar Fraaions are reduced to Decimals of the fame 
value^ by dividing the Numerator by the Denominator. 

Example J What Dedmal part of tl: Sterling is gd. or ^^y 
of il? Anfwer, 0.0375/. Thus 24o;9.oooc(o.oj 75/. 



A 2 J{oU, 



4 Of Dtetmd FraSHom. 

NoUy Becaufe money it Talued in Pounds aod paitt of a Pounds 
$nd Time in Years and parts of a Yoar« it is oAea convenient 
to reduce thofe parts into Dcdmais ; then the work it the fkm^ 
^ in whole numbers, for which purpofe thefe two Pedmtd TaUes 
are inlerted. 



yf T A B L E ijf theDedmd parts tf i h 



m 



I 

U 

I 

z 

3 
I 

2 



Decimals, 



.00104167 
.oozo8353 

.003125 
.00416667 
.00520853 
.00625 
.00729x67 
.00833333 
009375 
.01041667 
.01145833 



i. 

O 
I 

2 

3 

4 

1 

7 
S 



od. 



dtcim 

.05 

.1 

1.2 



«5 

3 

35 
4 
4? 



^. 



^135 
•0625 
1125 
.1625 
.21x5 

.2625 
.3125 
.3625 
.4125 
.4625 




9^. 



^M*" 



'^7S 
•3*5 
•37$ 
•4'J 

4Ii 



037$ 
.0875 

■37$ 
«»7J 
•375 

.8875 

•337S 
•387? 

4375 
4«7« 



J. 



•6 



oA 



II 

IS 

•3 
<4l 



S 



■65 

7 



'7 
18 

•9 



9 

•95 



5«*5 

.5625 
^125 

.6625 

.7125 

.7625 
.8125 
.8625 
.9125 
.9625 



tyL 



•1*5 

•575 
.625 

.675 
•7*5 

•775 
.825 

.875 

,925 

•975 



9^. 



^ 



537S 

5875 

•6375 
.6875 

7375 

• « ■ ■ 
7875 

.8875 

•937r 
9875. 



The Decimal parts of iL may be valued by the preceding Ta* 
ble, or to three places at fight, viz. the fiiil figure doubled is 
Ihillings, the fecond and third joyn*d are farthings, abating one 
for every 25, for .025 is td. .050 is is. and .075 is iSd. 

STABLE of the Decimal parts of a Tear^ or of 365 Bofs* 



rm Davt 



';^ Oecim. 
, .002740 

a 003479 



5 
6 

7 
S 



10 



.00S319 .035616 



4.010959 



.027397 
,ojoi37 
.03»877 



10 



^^ 



30 



.038356 



.013699 .041096 
.0x6438 .043S36 
.01917S .046575 
.02x918.049315 
^1.0246 < 8 1.05205 5 



•05479 S;.o8xx92 
•057534-084932 
060274.087671 
.063014 

•o«5753 



.073973 
.0767x2 
079452 



068493 
.07x233.098630 



.09041 I 

•093151 

.095890 

.xt 
X0I370 »ii 



40 



.X09589 
.112329 
.115068 
.117808 
.120548 



.X23288 
^27 

^7 
io4rio|.X3i507'.i58904 

106849'. X 34247,. 16x644 



5<> 



•x 36986 
.X 39726 
.142466 
.X45205 

14794s 



.150685 

1534*5 

.156x64 



60 



.164384 
.167x23 
.169863 
.171603 
.«7534> 



I 



MonthM 



I 



I S i 



.178082.205479 .132877 
.180822 .1081x9 .1356x6 
83562.110959.138356 
.186301 .113699 .24x096 
.X89041L116438 .243836 

n i« 1 7 I 8 f 9 



70 



19178X 

.1945* I 
.X97260 

.1 

.202740 



80 



.1x9178 
.11x9x8 
.114658 
.117397 
.230137 



90 



«i^575 

»493»5 

»5«>55 

•»54795 

•»57534 



.260274 

163014 i 

•»*5753 
168493 

.4711331 




I 10 I XX 



Dccim. 1.08333) .i66667|.is t .333333l'4'6667,.5|.58jt3 3i.666667t.7S [j 1^1 tt 1.016667 

Note^ That the Decimals in every column after the firft, begin 
with the Decimal of an even ten days, •and increafe downwards 
by one day each, fo the Decimal of ao days is 0.54795, and of 
2 1 is .057534 ; and if thefe arc moved one place to the left hand, 
they will be the Decimals of 200, and 210 days, and to of the reft. 



CHAP. 
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C H A Pt n- 

Of fiidi§^ the Ldgaritbn cf^ a given Number^ tr tie 

Number to a given Logarithm. 

I. 9V jmd the Logarithm of a wbete Numier under xooo. 

IN die flrft four pages c^ the Table of the Logarithms of Num-^ 
ben, are placed all numbers from i to ^9, in their c6m«« 
mon order, and againft every number it's Logarithm ^ fb tho 
Log. of 43 1$ 1.6334685. 

Note^ The Index, or Charafteriftic, of the Logarithm of every 
itil^ef number confuting of one figure is o, of two figures x , of 
three figures 2, of four figures 3, of five figures 4, &r. equal to 
the number of places that it's firA figure is diftaiu from the place 
of units I and akho', to the Logarithm of every number in tho 
Table above lOo, the Indices are omitted, yet in the operation, 
they muft be prefixed according to this remark : So the Log. of 
430 is 2.6334685, and the Log. of 999 is 2.9995655 1 and io of 
the reft : But the Index <tf the I^arithm of a Decimal Fraction is 
ti^gative^ tho' ib7i equal to the diftance of the firfl fignificanc 
figure of it's number from the units place, as before ; fo that if the 
firil fignificant figure be in the firft place, the Index of the Lo- 
garithm is *— I, or the complement thereof to 10, or 100, viz. 
9, or 99, as hereafter ; if in the iecond place, the Index is — » 2, 
or elfe 8, or 98 ; if in the third place — ^, or elfe 7, or 97 ; if in 
the fourth place,— 4, or elfe 6, or 96, &r. 

IL To fold the Logarithm of a Number^ conjtfting of four places.} 

In AeHrft column (fi^'d/^«».) of forne ^^ Logarithm, 

one of the pages of the Table after the firft . ^^^^ 

fbur, find the Number given, and even . ^ 

with it in the iecond column (fign'd o) is *^°^ ^ \\aX^\^Z 

found the Logarithm fought, to which 3 9959 J* 3-99«2i57 

(the proper I?dex) muft le prefixed; as ^^^^ '^ 3-999956^ 
may i^ feen in the adjoining Examples^ 

III. To find the Logarithm of a Numher^ confijiing of five places. 

Find the firft four figures of the Number in the firft column, 
and even therewith (in the column fign'd by the laft figure of t}>e 
Kumbcr) is the laft four figures of the Logarithm, which adjoin*d 
to the firft three common figures in the fecond column, makes up 
the Logarithm ibught, when 4 the proper Index is prefixed. 

Example. 



6 Of the Logafitbmt of Numbers. 

Example. Given the Number 54237 to find it's Logarithm.^ 
Find 5423 in the firft column, and even thereivith (in the co- 
lumn (ign'd 7) is 2957, which annex'd to 734 the firft three com-' 
mop figures, it will ftand thus, 73429579 and the proper Index be- 
ing prefixed, the Logarithm 0554237 is found to be 4.7342957. 

ifotey When the laft four figures of the Logarithm begins with 
d cypher or any lefs figure, then the laft four in the fecond column 
begins with ;; then the fif'it three common figures are thofe in the 
next line lower: Thus the Logarithm of 54453 is 4.7360218. 

IV. To find the Logarithm of a Number ^ conjtfting of fix Places. 

Find the Logarithm of the firft five figures by the third, and 
the Difference betwixt it and the Log. of the Number next 
greater, which is in the laft column but one fign*d D; then 
find that Difierence in the laft column, fignM Pis. Pro. (which 
ftands for Parts Proportional) and againft the fixth figure of 
the Number given, is the part to be added to the Lc^, of the 
five figures before found, the fum is the Log. fought, when 5 
the proper Index is prefixed. 

Example. Given the Number 5423'; 5 to find it's Logarithm* 

TneLog. of 54237 is found (by the 3d) to be 7342957, and 
the difference betwixt it and the Log. next greater is 80, and 
in the laft column againft 5, under that difference is 40, which 
added 10 7342957, and the Index 5 prefixed, makes 5.7342997, 
for the Log. of 542375, which was fought. 

Or, The Proportional Parts may be found (without* the Table 
of Pts. Pro. in the laft column) thus : Multiply 8.0, the fame 
difference, by the fixth figure, (which in this Example is 5) 
and divide tlie produft by 10, gives 40, as before; for in this 
manner the faid Table (fign^ii Pts. Pro.) w s computed. 

Note^ If the Number is in the loift chiliad, its Logarithm is 
dircftly found in one of the laft two pages of the Table.. 

V. T'o find the Logarithm of a Number^ con/ijling offeven Places. 

Find the Log. of the'firft five figures by the third, and of the fixth 
figure by the 4th, and for the feventh figure divide the propor* 
tional part by 10, (that is, fet it one place farther to the right 
hand, than the laft figure of the Logarithm reaches^ and add it 
to the Logarithm of the fix figures before found, their fum (with 
the Index prefixed) is the Log. fought; thus the Logarithm of 
5423758 is found to be 6.7343003. 

The Examples of th^ 3d, 4th, and this 5th Prjopofitions are 
placed at the fide- of the loUowing remark. Note^ 



Of thi Logaritbmi of Numbers. 7 

Ncttj The Propoi[tional Part may Num. LogarUhm 

be found ^without the Table of P/j. 54237 4.7342957 

Pro.) for the laft two figures, by . 5 40 

multiplying them by the common 54237 5 5 -7342997 

diflference,* and then dividing the pro- T7T^ ^72^20^ 

dua by 100 ; fo in the laft Example, ^^^^ '^^^^^S? 

58 multiplied by 80, produces 4640, g ^ ' 

which divided by 100 quotes 46.4, ^ -^ — 

the fame as by the Table? 5423758 6.7343003 

VL A proper Fra3ion being given^ to find it*s Logarithm. 

SubO'aA the Logarithm of the denominator from the Lc^arithm 
of the numerator, the remainder is the Log. fought, and is always 
the Logarithm of a Decimal FraAion. 

Notej The Index of the Log. of a proper Fraftion is negativr,^ 
but if 10, or 100, is borrowed to the Index of the Log. of the 
Numerator ; Then the Index of the Lc^. of a Decimal Fraftion 
.beginning one place below units, will be 9, or 99 ; if two places 
below units, 8, or 98 ; if three places, 7, or 97 ; if four places 
6, or 96, 6?c. the latter is often neceffary to diilinguifli it from 
the Index of an Integer, cfpccially when the power or root of a 
JDecilnal Fraction is rcquird, as in the next Chapter. 

Example. To find the L(^rithm of |. 
Prom Log. of Numerator 3 . . . 10.47712 13 or 100.47712 13 
Subtrafl Logl of Denom. 4 . . . 0.6020600 . * ,0.6020600 

The Remainder is Log. of 0.75 . . 9.8750613 or 99.8750613 
Note^ Putting the Index of the Log. of the numerator 3 to 
be 10, or 100, the Index of the remainder is 9, or 99, which 
is one place below units, and the reft of the remainder is found in 
x\\^ Table of Logarithms to anfwer ^c^^ 750, or 7500 ; but as 
the Index determines the firft figure to be put one place below 
uniC3, the number anfwering to the remainder is 0.75. 

VII. T!o find the Logarithm of a msxt Number. 

Reduce the Number given into an improper Fraction ; then 
fubtraft the Log. of the denominator from the Log ol the nume- 
rator, the remainder is the Log. fought. 

Example. To find the Logarithm of 4-I. 

The 4-i reduced to an improper Fraftion, is f J : 

The Logarithm of the Numerator s7 • 17558748 

The Logarithm of the Denominator 12 1.0798812 

The Logarithm of 4 , f , (or of 47^ J) , . . o,6y66^ 

^ If 



4.676^936 
3.6766936 
2.6^66^36 
1.6766936 

99.6766636 
98.6766936 



S Of tie Lognritbm of NMiheru 

If the FradHon part tnnex'd be a DecimaU Numb. 
ieek for the Log. of the mixt Nttmber» as if 47500 
it was an Integer, obferving to prefix thereto 4750 
the proper Index, which always is equal 475 
to the number of places its firft figure is 47.5 
diftant from the place of units ; which i^ 4.75 
illuftrated by the adjoining Table, where the 0.475 
Logarithms dilFer only in the Indices. 0.0475 

VIII. To find the Number^ that anfwtrs i$ a ^ven LogMriibiif* 

Find the three figures next the Index of the Log^ given in ^xjxt 
fecond column, and the laft four in tht fame, or in onet)f the ni^e 
following columns, and if you find it exa^ly, in the firft column 
even therewith is the firft four figures of the Number, and th|e 
fifth at the top and bottom of the column in which the laft fbyr 
figures of the ^ven Log. is found. / 

ExampU. To find the Number anfwering to the Log. ^73429^7* 
Seek in the fecond column for 734, (the three figures next the 
Index) and having found them, look to the right*hand for the 
laft four figures among the ten columns^ and you will find in chat 
ItgnM 7, is 2957 ; thus, 54237 are found to be the figUj^s of the 
number fought ; but die Index of the Log. given is 2^^ there^ 
foie the three figures at the left make an Integer, and the laft two 
a decimal Fra&ion» viz. 54^ -3 7* \ 

But if the Logarithm given be not found exaftly in the Table^ 
take the next jefs,' and fiibtraft it from the Log. given, what 
remains look fpt in the proportional Parts of the difference of the 
Logarithms next lefs and greater, and againft it, or the part next 
}efs, is a fixth figure to be placed at the right-hand or the five 
figures before found 5 and in cafe the proportional part be not 
found exaftiy, fubtrad it from the firft remainder, then place a 
cypher at the right hand of this remainder, and againft the neareft 
proportional part (either bigger or lefs^ is a feventh figure to be 
placed at the rig^-hand of the fixth figure. 

Example. To find the Number aitfwering to die Log. , . 6.734^003 
Log. aext left in the Table if the Log. of 54237 734^957 

ift Remainder 46 
C .... 5 for pare . . • 40 

Diff. is 80, the Table of Pts. Pro. gives < ad Remainder 6.0 

I . > > . 8 for part . . I . 6.4 
Thus the Number fought is found to be 5423758. 

Of 4600 (the firft Remainder with two cyphers annex'd) divided by 
fiff. 80, quotes 58 to be placed ta the right-hand of the 54237 firft 
found, as well as by the Table. 

CHAP. 
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CHAP. III. 

Of Jj^arithmicd Aritbmtic. 



L TN MuUifUcatm: Add the 
jI Logs. cSxht multiplicand 
and multiplier together, the 
fum IS the Log. of the produ£t« 

Example. Num. Lcgaritbms 
Multiplicand 8.5 • . 0.9294189 
Multiplier. . 10 . . i.< 






PxoduA. . • 85 . . 1.^2^4.18^ 



II. In Bivifion : Subtraft the Log.' 
of the divifor from the Log. of 
the dividend, the remainder is 
the Log. of the quotient. 

Example. Num. Logarithms 

Dividend 9712.8 . . 3.9873444 
Divifor . 456 . . . . 2.658964^ 

Quotient 21.3 • . • • 1.328379$ 



. To find the Complement of a Logarithm. ^ 

Begin at the left-hand, and write down what each figure wants 
of 9, only what the laft fignificant figure wants of 10; fo the 
Comp. of the Log. 0/ 456, viz, of 2.6589648 is 7.3410352. 

III. In the Rule of Three : Add the Logarithms of the fccond 
and third terms together, and firom the fum fubtrafl: the Log. of 
the firft, the remainder is the Log. of the fourth. Or inflead of 
fubtraiffa'ng a Logarithm, add its Complement, and the refulc 
will be the fame ; but (in the tens place of the Index of the fum) 
I is ever to be abated for each Complement thus taken, tho' the 
exprefllng it be omitted in any Rule hereafter given. 

• 

Example i. If four Ells cofl; 9/. what will twelve Ells coft? 
Anfvoer 27 1.> 
Log. of 4 is o.6o2o6oo| Or thus : 

Comp. of Log. of 4 is • • 9.3979400 
Logarithm of . . 9 . . . 0.9542425 
Logarithm of'. . 12 . . . 1.0791812 
Logarithm of. . 27 . . /1.43 13637 



Log. of 9 . . 0.9542425 
Log. of 12 . . 1.0791812 
Log. of 108 . . 2.0334237 
Log. of 27 .. 1.4313637 

Example 2. If the Intercft of 100/. for i^^ days is 6/. what is 
thelntereftof 5173/. for 321 days? Anfwtr^ 272.9643/. 

Comp. of the Log. of 100 8.0000000 

Comp. of the Log of 365 • • .' 7-437707^ 

Logarithm of 6 . . • • . . . 0.7781513 

Lo^thm of ... . 5173 3.7137425 

Logarithm of 321 2.506505a 

Logarithm of ...» • ^72*9643 , . . . ^2.4361059 

C A 



10 
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A TABLE Jbewing the ntmhir of di^s from an>f day in m^ 
montby to the fame daj in any following month. 



January 
Febr. 
March 
April 



To 



May 
June 

Auguft 

Seftem. 
O£iober 
Nov em. 
Decemb. 



3^5 

59 
90 



120 
181 

212 



«43 

304 

334 



334 

365 
28 

59 



89 
120 

181 



Mar. 
306 

337 
31 



212 

242 

273 

3<53 



61 
92 

122 

153 



184 

2t4 

H5 
^75 



Apr. May 



306 

334 
365 



30 
61 

9» 

122 



^53 

183 

214 



*45 
276 

304 
335 



214 

245 
273 

304 



365 

31 
61 

92 



I 



une 



334 



July 



184 

215 

243 
274 



335 



Aug 



^53 
184 

212 
243 



Sep. 



122 

'53 
181 

212 



oa. 



123 

'53 
184 

2441214 



92 
122 

153 
183 



365I334 
3^5 



Jl 
62 

92 

123 

153 



304 



31 
61 

92 

122 



92 
123 

182 



Nov 



Dec. 



304)2 73J242 

273 
303 
334 



3^5 

30 
61 

91 



212 

243 
273 
304 



335 

3> 
61 



61 

92 
120 

!ii 
181 

212 

242 

273 



31 
62 

90 

121 



304 

334 
3^5 



182 
212 

243 



274 

304 
335 



301365 



Example. To find the number of days from the ift, loth, 
or 20th of Jutie to the tft, loth, or 20th of March. 

Find June at the Head, and down that Column, in the line even 
with March is 273 days : Or if it was from the 15th of June to 
the 2 6th of March ; then the number of days would be eleven 
more than 273, viz. 284 days. Thus the number of days in any 
time under a year may be found by InlpeAion. 

rV. To raife powers by Logarithm. 

'Multiply the Log. of the Number given by the Index of the 
power required, the product will be the Log. of the power fought. 

'Example. Let the cube of 32 be required by Logarithms. 
. The Log. of. 32 is 1.505 1500, which multii^ed by 3 is 
4.5154500 the Log. of 32768 the cube of 32. 

But in rdfing the powers {viz. (quaring, cubing, &f.) of any 
Decimal Fra£Uon by Logarithms, it muft be obkrved, that the. 
firft fignificant figure of the power be put fo nnany places below 
the place of units, as the Index of it's L<^arithm wants of lo, 
100, &f. multiplied by the ladex of the power. 

Example. Let the cube of 0.009 ^ required by Logarithms. 

The Log. 0.009 '^ 7'954-^^^5t which multiplied by 3 is 
23.8627275 the Log. <rf 0.000000729 die cube of 0.009 • Here 
the Index of -the Log. of the power is 23, which wants feven of 
10 X (3) the Index of the power; therefore the firft fignificant 
figure of the [>ower muft be in the feventh place below units : But 
when the firft figure of the power fhall be lower than the tenth 

place* 
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placC) it will be nece0ary to admit another place into the Index of 
the bog. of the given number, by making it the complement to 

100. 

Example. Let the fixth power, or Cubo-cube of the fine of 
I min. (Rad. i) be required. 

The Log. of the fine i niin. in the Tables is 6.46 ^y 26 1^ but 
in this cafe muft be 96.4637261, which multiplied by 6 (the In* 
dexof die power) is 578.78^3566, the Log. of 0.00000,00000, 
00000,00000,06058,383 : Here the Index of the Log. of the 
power is 578, which wants 22 of loox (6) the Index of the 
power i therefore the firft fignificant figure of the power mud be 
in the 2 2d place below. units. 

Or any power of a Peciipal FradUon may be rais'd, by multi- 
plying the complement of the Log. of the Fradion by the Index 
of the power i the complement of the produft is the Log. of the 
power fought. 

Example. Let the 0.625th power Z^. of 0.003 2=7.5051500 
of 0.0032 be required. Complement 2.494850a 

AnfwTy O.0275879, muUiplfdhy 0.625 

124742500 

^ Note, By this method, the num- 49897000 

ber of fraftion cyphers preceding in _i49 %'Qoo 

the power, will be the fame as the Produ^ j^^g 28 12 500 

Index of the produd. Complement 8.440718750a 

is the Log. of 0.027587^ 

Again, Let 6.25th power of 0.0032 be required. 

The Log. of 0.Q032 (as before) is 7.5051500, and its com- 
plement 2.4948500, which multiplied by 6.25, the produft is 
ten times the former, viz. 15.5928125, and its complement 
84.4071875, which anfwers to o.obooo,ooooo,ooooo,255>8, the 
6.25th power of 0.0032. 

V. 35? extra£l the roots of powers iy Lognritbms. 
Divide the Log. of the Number by the Ii\dex of the power,^ 
the quodenc is the Log. of the root fought. 

Example^ Let the Cube-root of 6751269 be required. 

The Log. of 6751269 is 6.8293854, which divided by 3 the 
Index of the power, Quotes 2.2764618 the Log. of 189, the 
Cube-root fought. 

But if the power, whofe root is to be extrafted, is a Decimal 
Fraftion, prefix to the Index of its Log, a figure fefs by one thaa 
the Index of the power, and divide the whole by the power's Ii> 
dcx, the quotient wiU be the Log. of the root fought. 

C z Exav^ 
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Example. Let the Cubo-cube-root, or root of the fixth powcf 
of 0.00000,00000,00600,00000,06058.383 be required. 

The Log. of 0.00000,00000,00000,00000,06058,383, ii 
78.7823566, to which prefixing 6— 1=:5, the whole is 578.78- 
23566, which being divided by 6 (the Index of the power) the 
quotient is 96.4637261, the Log. of 0.00029,08882, the root 
fought. 

Or the root of a Decimal Fi^aftion as any power, may be had, 
by dividing the complement of the Log. of the Fraftion by the In- 
dex of the power, the complement of the quotient is the Log. of 
the root fought. 

Example. Let the 0,625th root of 0.0275879 be required. 

The Log. of 0.0275870 is 8.4407188, and its complement 
1. 5592812, which dividccl by 0.625 quotes 2.4948500, whofc 
complement is 7.5051500 the Log. of 0.0032, the root fought. 

Again. Let the 6.25th root of 0.00000,00000,00000,25538 
be required. 

The Log. of 0.00000,00000,00000,25538 is 84.4071875, and 
its complenjent 15.5928125, which divided by 6.25 quotes 
2.4948500, whofe complement is 7.5051500 the Log. 0.0032^ 
the root fought, as before. 

VI. To find mean proportionals between any two Numbers. 

Subtract the Log. of the leaft term from the Log. of the great* 
eft, and divide the remainder by a number more by one than 
the number of means defired ; then add the quotient to the Lc^. 
of the leaft term (or fubtradt it from the Log. of the greateft^ 
continually, and it will give the Logarithms of all the mean pro- 
portionals required. 

Example. Let three mean proportionals be fought, between 
106 and 100. • 

Log. of 106 2^.0253059 

Log. bf 100 2.0000000 

Divide by 4)0.0253059 ( 0.0063264.75 

Log. of the leaft term 100 2.0000000 

Log. of the firft mean 101.4673846 2.0063264.75 

Log. of the fecond . . . 102.9563014 2.0126529.5 

Log. of the third .... 104.4670483 2.0189794.25 

Log. of the greateft term 106 \ 2.0253059 

If of II mean proportionals, between ^06 and 100, the 9th 
mean was required ; divide the aforefaid remainder by 12, and 
multiply the quotient by 9, andadd the produft to the Log. of the. 
Jeaft term \ or multiply the quotient by 3, and fubtraft the pro- 
duft from the Log. of the greateft, the fum or difference is the 
Log. of the 9th mean requifed j and is the fame as the third in the 
preceding Example, CHAP. 
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CHAP. IV. 

Compound Inter eft, hy Dr, E d m. H a l j 
R. Aflr. Sav. /V. Geom. Ox. ^P F. R, S. 



« 

A Principal UJe of Logarithms, is to folve all the Cafes of 
compound Intercft, which* are not without great difficulty 
attainable by the Rules of . common Arithmetic. But 
before wc proceed to the praftical part, it may perhaps not be 
improper to fay fomething of 'the foundation or demonftration of 
the Rules wc are to give. 

Therefore let f be any fum of money forborn / times ; r the 
rate of Intercft, or produce of one Pound and it's Intereft in one 
time ; that is, as i to r, fo i Pound to it's amount after one 
year, or other fpace of time \ and let m be the amount of the fum 
f forborn t times. Now becaufe in one year or time unity be- 
comes, r, by the fame reafon r will in another time become rr^ 
and rr \n a 3^ time become r', 6?r. it appears that r^ or r 
raifed to the power, whole Index is the number of times, will be 
the amount of ovit Pound forborn / times, and therefore : . 

I. The amount /«=:/rt s therefore multiply the Logarithm of r 
by / and to the produd add the Logarithm of ^, the fum Ihall be 
the Logorithm of m. 

Example. What is the amount of 15/. 17/. (>d. forborn 12 
years at 6 per Cent, per Annum compound Intereft. 

The number i.o6z=r it's Log. 0.025305^ 

Which Log. multiplied by (/=) 12 the years produces 0.3036708 
The principal fum 15/. 17J. 6d.zzi s.Sysl.zzpy it's Log. 1.2007137 

The amount 31/. 18^. 'io|ii.=3i.94362i.=:w, it's Log. 1.5043845 

jj^ ^t— — • ; therefore if from the Logarithm of m the Lo- 

P 

garidim of ^ be fubtrafted, and the remainder be divided by /, 

the quotient is the Logarithm of r. 

Example. What is the rate of compound Intereft, when the fum 
of 15/. i?-^- ^^' forborn 12 years amounts to 31/. i8s. lold. 

The 



Of Compound hterejf, 

nt ^iL \Zs. ioid.^^i.^42^zl.=m, its Log. t. 504^84.^ 
ipal fum 15/. lys. 61/.— 15.875/.=^, its Log . 1.2007137 

nder is Log. of r* 0.3036708 

'ided by /=:r2 quotes Log. of (i.o6zz) r . . 0.0253059 
the rate is 6 per Cent, per Jmtum. 

raufe r* = ■- j divide the diflerence of the Logarithms 

• by the Lt^arithm of r : the quotient is /, or the time 
e fum ^. will amount to » at the rate r. . 

, In what time will the principal fum of 15/. lys. 6d. 
> 31/. i8j. lOii. at 6 per Cent, per Amitm compound 

« 31/. i8j. ioi</.=3i.94362/.=w, its Log. 1.504.3845 
pat fum 15/. 17J. 6d.=i5.9y5l.=:pj its Lc^. 1.2007137 

tidcr is L,og. of r' 0.303670S 

'ided by 0.0253059 = Log. of r quotes 12 years for 

:— i therefore multiply the Logarithm of r by /, and 

; product; from the Log. of a* ; the reminder Ihall be 
f p the principal fum. 
' What is the principal fum that in j2 years at S 
r Ainumt compound Intereft will amount to 31/. i8j. 

nt 31/. 18/. iofi/.z=3i.94362/.=», its Log. 1.5043845 

:r i.o6=r its Log. 0.0253059 

g. multiplied by {tzz)iz the years produces 0.3036708 

i(5ted from the "Log. of the amount ' 

is Log. of (is.ij^L^i^L lys. 6ii.—)^. = 1.2007137 

r preceding Rules are alfo readily deduced irom the con- 

f the rebate of money in this manner. 

a any time, r becomes i, in the'fame time 1 becomes 

the fccond time —becomes — , and in the third — , 6?f. 
r rr rrr 

iing p the value or prefent worth of any fum m pay^le 

s, at the rate of r to 1. 

iim mz zp r ^ j therefore multiply the Log. of r by /, and to 
: add the Log. of p, the fum Ihall be L<^. o£ m fought. 

— ; therefore from the Log. of m fubtraft the Log. p^ 
P ■ 

the remainder by t; the quotient will be the Log. ofr. 
111. Sioc« 



Of Qofttpeimd Intereji. i ^ 

III. Since f* = ~ ; divide the difference of the* Logs, of m 

P 
and f by the Log. of r, the quotient fhall be / the number of 

years. 

fit '^ 

IV. prr-n ; therefOTe multiply the Log. of r by /, and fubtrad 

the produ^ from the Log. of m^ the remainder will be the Log. 
of p : which finds the value of any fum of money payable after 
any tinae afligned. 

The Logarithms are alfo fcrviceable to rcfoJve all queftions 
concermog the amount or prefent worth of Annuities^ not paid 
as dut^ or purchaied to be paid for time to come. 

Let a be an Annuity or yearly penfion, whofe fucceffive amounts 

for times pad are ^r*, and whofe prefent values are — fuccefEvcIyt 
by what goes before : And the feries, fcfr, ar\ ar^^ ar^^ ar*^ ar^ 

n^ — , — ^ ;t» 74» ;t> ^^* "^^^ ^ ^ r^^ ^f "*«*" proportion* 

als continued infimtely in the ralio of r to i : Now the fum 
of all the confequents, or oi the whole infinite feries, will be to 
the faid fum increafcd by the next greater term (or the fum of 
all the antecedents) as i tor, by Euclid. 5. 12. Wherefore put- 
ting y for the faid fum of the the confequcnts, ry will be equal 
toy+iirt, the fum of the antecedents; and ry^-y:=: af< -, and 

therefore will be equal to jr, the fum of all our mean pro- 

portionals, whereof tfr*-"« is the greateft. And by the fame Rule 

will be the fum of all the terms whereof — is the sieatefi:. 

r— I r ^ . 

So that if we fubtrad); from , the diflTerence will be the fum 

r*— 1 r— I 

of all the terms, wherec^ tfr^-i is the greatefl, and a the leaft, 
their number being / v which fum we will call 2. Therefore z 
(the amount of the annuity of a forborn / times at the rate r) 
ar^ — a 



I. The annuity (a) rate of Intereji (r)and time (t) being given^ 
to jind (z) the amount. 

From the L<^. of a fubtraft the Log. of r — i, and to the 
remainder add the Log. of rt • from the nurrtber anfwering to 
this laft fum, fubtradt the Number anfwering to the remainder 
the difilerence (hall be 2; the amount fought, * 



1 6 Of Compound Inter eji. 

Example. What will an annuity of 34.4/. forboffl %l\ years 
amount to at 6 per Cent, per Annum. 

^=34.4 . L.tf=i -5365584 L.rro.0253059 

r— 1=10.06 L.r— 1=1:8.7781513 f =z . . . . 12.5 

~ = 573-3333 h.^^z.rs^o?^ 1265295 

f — I '^ * . 5061 18 

L.r'=o.3i^3237 253059 

-^ = 1187,7660 L. -^^3 .0747308 L.rt=o.3i63237.5 
r— I ^ — I 



ar"- 



;2==6i4.4327^- = ;3:j;rM "^^^ Amount. 

II. Ti&tf annuity (a) its amount (z) oftd the rate of Interejt (r) 
being given^ to find (t) the time. 

ar^ — a , /• • ^ ^ ^ ^ 

By the foregoing -;3^ =2 ; thereforcz + j^-;rr7 ^ ^• 

Wherefore from the Log. of a fubtraft the Log. r— i ; to the 
number anlwering to the remainder add the given amount, and 
from the Log. of the fun^i fubtradt the afore-found remainder^ 
this fccond remainder divided by the Log. of r will quote the 
time required. 

Example. In what time will an annuity of 34.4/. amount t» 
614.4327/. at the rate of 6 per Cent, per Jnnum. 

<i=34.4 _L^«=i. 5365584 

r— 1=0.06 L.r-^i =8.778i5i3 



— =573-3333 L.— -=2.7584071 

r— I 

z = 614.4327 

-^ = 1 1 87.7660. L. —^ =3.0747308 

L.r=o.0253059)o.3 163237(12.5 year$=/. j 

III. The amount (2) rateef Interefi (r) and time {t)heing given, 
to find {a) the annuity. 1 

The former Equation being reduced azz- ^^^ . Where- 
fore, to the Log. of the amount z, add the Log. of r — 1, and, 
from the fu.!! fubtraft the Log, of rt— 1» the remainder is the 

^^''^'' . ■ ExampU 



Of Compmnd hferefi. ij 

ExampU. An annuity forborn i2i years amounts at 6 per CenK 
ftr Anmm^ to the fum of 614.4327A how much is that annuity. 



■ 



t&zi6i4.43'i7 L>g = 2.7884743 L.rr:o.o2 53059 

r— 1=0.06 L.r — I = 8.7781513 / =: . . 12.5 

rt=:2.o7i685 ' 1.5666256 L.rto.3163237 

T<— 1=1.071685 L.ft — I = 0.0300671 

L* 34.4/. the annuity = L. tf= 1.5365585 

IV. 7!J^ amuity {a) time {0 ^^ amount (z) being gtven^ to fnd 
(r) tbe rate. 

In order to find r, the former Equation is reduced to — •^ x 

= — r — rt, or in our prefent cafe 16.8614= i7.86i4r — r^ 

wluch is fo afieded as not readily to be refolved by the general 
method for refolution of Equations, unlefs we can firft approach 
it by feme other means ** for "which purpofe take the following 
Rule, which will fuffice where great exadtnefs is not required. 

Let —'2=1 -^y^ and let ^L— =*. I fey, that bb-^-zbyj^ 
at\ /-f-i 

— i is exceeding near the increafe of the rate, or r — i. 

Wherefore take the Log. of the amount, and the complements 
of the Logarithms of the time and annuity, the f um (abating 2 
in the tens place of the Index) divide by f x / — i ; the quotient 
Ihall be the Log. of i-^jr: Then divide 6 by/-f- '» and to b 
the quot ient add twice jr-, and to the Log. of b add th e Log, 

of b-^zy ; half the fum (hall be the Log. of bb'^2by\^j from 
which fquare root fubtraft ^, the refidue will be very near the 
increafe, or r— i : and adding i , r is found. If great exadbiefa 

t. dcfi,»J U. . *m found b. affum-d. »d i .-^ c^^ 



with 15 will always be greater than it ; and dividing the 

a 

exccfs by /rt— i , the quotient added to r fhall verify as many 



more figures in the rate as were true in the affumed r. 



Example 



1 8 Of Compound Interejl. 

Example. An annuity of 34.4/. forbom izf years amounts to 
614,4328/. required the rate of intereft allowed* 

«;=36 14.43 27 Z.as=:2.7884743 
/c= 12.5 €0. L. /ss8. 9030900 
«=» 34.4 CO. L. ^6=8^4634416 

ix^^i=5.75)o.i550os9( 0.0269575 tss, L. (i+jf=) 1.064039 
*= nr, =— =0.4444444- 2y=ao.i28o78 

2r . 7 . . . r: . 0.1280780 , ^^^9.6478 175 

^+2j. 0.5725224 L.H-V^97577936 

. r 19.405 6111 

1*:^.T.': : : : : ;:^u ^- '"^F5iw7<'=^°ss 

^^— I 0.0599909 

Therefore the rate of Intereft ibught is 6 fir dnt. per Annim* 

After the fame manner the' four Cafes relating to the purchafe 
of annuities are readily folved by Logarithms, and the Theorems 

difcovered with the fame eafe; for ^ , — , — , ~, -r , (^c. 

r rr r' r* 

being a fcale of mean proportionals in the ratio of r to i, put 

y for the fum of all the confequents krffoutely continued, where* 

of — is the firfl, and that fum will be to the fum of all the an- 
r 

tecedents whereof a is the firft, as i to r, that is i : r : : jf : 
ryy fo that ry:zy-\--aj and , will be equal to j^ the value of 

the fee, or the fum of all the mean proportionals lefs than a. 

a 

And by the fame Rule ==. will be the fum of all the means 

i/^%r — I 

a 
lefs than —^ or the value of the reverfion : and fubtrafting the 

a a 

one fum from the other -- — == will be equal to z the 

a a 

fum of all the means, whereof — is the greateft, and rj- the Icaft. 

I. The annuity (a) timi (/) and rate of intereft (r) being given^ 
to find {z) the prefent value. 

a a . /. ^ ^ 

The prefent value zzz = ; therefore from Log. 

of the annuity fubtraft the Log. of r — i, and from the refidue 
fulptradt alfo the Log. of r\ the difference of the numbers anfwer-. 
ing to the two remainders is the prefent value fought. 

Example 



Of Compcund hter^: x ^ 

Ex{mpU. What is 70/. per Annum to continue 59 years worth 
in prcfent money, at the rate of 5 per Cent, per Annum. 

^==70- JL^i. 8450980 L. mo. 02 1 1 89 J 

^—^=0-05 L. r— 1=8.6989700 /=.... 59 



Fee =1400/. V^^^fitoI^S^ '^""^^^^ 

Reverfion 78.6972/. ^- ^^JLl^ 5oi687 _io594^ 

L. rever.=i. 8959 593 L. rt=i.250i687 
521.3021/. the pefcnt value fought. 



II. 7be ammty {a) prefent value (%) and rate of intereji (r) being 
given^^ to find {t) the time. 

Now rt will be equal to — (or the Fee) divided by the 

a 

value of the reverfion, that is by — z. Wherefore from the 

r — I 

Log. of the annuity, fubtraA the Log. of r — i ; the number 
anfwering to the remmder will be the value of the fee j from the 
fee fubtra£t the prefent worth, the refidue is the value of the re- 
verGion. Take the Log. of the reverfion from the Log. of the 
fee, and dividt the reSdue by the Log. of r, the quotient will be 
/ the number of years fought. 

Example. In what time will an annuity oif 70/. per Annum pay 
off a debt of 132 1.302 8/. allowing the Creditor 5 per Cent, pir 
/btnum. 



^1^^^1.8456980 

r — irro.05 L. r— 1=8^6989700 

Fee=i40o L. fee=:3.i46i28o 

321.3028 



Reverfion 78,6972 L. rev. m. 8959593 

L.r=:o.02 1 1893)1.2501687(59 yearsr:/. 



III. fv&# prefent value (z) rate of intereji (r) and time (t) being 
irven^ to find (a) t^e annuity. 

The former Equation may be reduced to this proportion, as 
I — -- to z, fo is r — I to a the annuity foyght^ 



Wherefore to the complement qf the Log. of i — -L add the 

I-ogar^|i|ms of z and of r— i, the fum (h^U be the Log. of a. 

• S ^ ' Example 



20 Of Compound Jhterejl. 

Example. What annuity to continue 59 yeah can be purcht- 
fed for 13^1.3028/. at the rate of^ 5 fer Cent, per Annum. 

— =0.0562123 - 

rt ^ J . L.r=o,02ii893 

I » ' '^ • • • • 59 

i~-=o.9437877 co.L. 1-^=0.025 1257 L.rtei.2501687 

2=1321.3028 Ij.z. . . 3.1210023 L.-=8.74983i3 

r — I =0.05 L. r— I =8.6989700 ^ 

L. (70/.=)^ the annuity fought =1,8450980 

IV. ^be annuity (a) prefent value (2) and time (/) hdng given^ t$ 
find (r) the rate of interefi. 

This Problem being mor^ difficult than appears at firft fight* 

and requiring the folodon of this Equation — = ^ - - — - * 

to which it is reduced ; there muft be applied fome method of 
approaching the root r, which is by no means evident : And that 
approximation as the number of years and rate are greater or lefs, 
cannot properly be obtained by one general rule 5 but rather by 
two, according as the value of the reverfion is greater or lefs. 
If the number of years be great (as fuppole 40 or upwards) 

and efpecially if the rate of intereft be high x ►)- — will be nearly 

z^a Tf- a . 

the rate, or more accurately -. — --j-- >^ — ; call it r 5 and 

X -Z g^a z 

will be exceeding near the value of the reverfion, which 



r«jcr— I 

a 
let be X ; then i + -jT- ^^ approach the true rate fufficiently. 

But if greater exaftnefs be defired, by repeating this procefs it 
will be obtainM. Hence this rule: From the -Log of <i, and 
alfo from the Log. of z-^a^ Cake the Log. of Zj this latter re* 
maindcr fhall be nearly the Log. of the rate : lilultiply that ' Log: 
by /, and the complement of the prodtift- add to the firft re- 
mainder ; the decimal fraftion anfw^ring* xo the fpm taken froip 
the former rate fhall give a more corrcft rate. With this rate 
feek X the reverfion after the time given,- which ad4^ to 2: 5 then 

to the complenicnt of the Log. of z-f-Xy add th e Log, of tf, the 

fum fhall be the Log. of the intcreafc or of r^-^i fufficiently near. ' 



\ 



Of (impound Tkterefl, 2 1 

Example. If 132 1.302 8/. is paid for an annuity of 70/. per 
Jlnnum ioi 59 years to come, what is the rate of intereft allowed 
the Purchafer ? 

<e=270 L. 111=31.8450980 L.«4-«=33.I4342I7 

jBssi32i.302B L.gsr 3.^2ioo23 L.« . . . 3 .1210023 



gj^_a 1..—- 8=0.0224194 

CO. /L. — i— ^.0772554 « 

* / . . . . . . . . S9 

Log, o f o.oo2;a ._7joigyii 2017746 

Firfir=i.050458 L.r=o.o2l3787 1120 970 

«:,32..3028 . "liS!? /L.q? =1.3227^^6 

X es 7 6.00a 100093^ ^ L.rts=s8.7386e67 

,+*=„397-15;8 the Fee ,-^^^4?^ ~ co.L-iil^I^i^py^ci 

co.L:«-|-*==6.8547o88 L.tf=:i .8450980 

i"^^ • o-Sl^^« L.;«^88oTi:^ 

f^i=o.ooso96 1.^—16=8.6998068 */ 

. So that the rate of intereft fought is 5 per Cent, per Amum. 

If the number of years be fmalj;- the aforefaid Rule will ava J 
little. In this cafe it witt be requifite to a{>proach the rate thus. 

Let ^^ be the Index of a root of — > from which root fub- 

2 * 

g 

tn& z, and the remainder call y^ and let - — be called i. I fay. 



that b—- bb—%iy\^ is Efficiently near to r— 1, and will be ftill 
nearer the trutji, as th? number of years is fmaller ; and that .the 
enor will be always in excels. Hence the Rule ; Diwde the 

Log. of — by^» and ^'°^ ^^^ number anfwering to the 

quodent fubtraft 1 j double the remainder, and fubtratt it from. 
h i that is from the quotigiJt of 6 divided by /— i •, to the 
Lc^arithm of this remaipd<?r add the Log. of b ; then the num- 
ber anfwering to half the fum of thofe Logarithms taken fpni 
b will leave r— i the incrcafe of the rate fought. 



fnan^k. 



22 Of Cmpound Interejl. 

Example. An anhuity of ao/. per Annumy to continue 2 1 years, 
is fold for 220/. required the race of intereft allowed the pur- 
chafcr. 

nn 2Q L. ^d 1.3010300 

/= 21 L. /= 1. 3222193 

ZZZ2ZO CO. L. 2 =17.6575773 

^i X /-j-^ = ^i )o*28o8266(o.0255297=:L. (i -j-j c) 1.060546 

2j c:q. 121092 
6^6^ JL^jfcr 9.47712 13 

=;~7 — ^ -"^-3 L. ^--27 =9.2526298 

2^ . 0.121092 ^ 18.72975II 

h^iy . ^ 0.178908 L. W— 2^1^9.3648755 

blh—2iy \l ^- 0.231673 

jifo^ ^ — bb — 2^[^=:o.o68327=:r— i 

Therefore r:=: '1.068327 the rate fought. - 



e . ^ f 



The rate r thus found is always fome fmall matter too big, the 
true rate being 1.06814; but as the nuniber of years are fewer, 
the error becomes infenfible. If greater' exaftnefs be required, 
'twill be eafy by the general method for the rcfolution of Equa- 
tions, having fo near an approximation to profecute this enquiry 
as far as you pleafe. But this feems abundantly /pflicjcnt for ufc, 
which is our principal defign in this place. 

tajli^y By way of CorpUary to the former. Let it be required 
to find the rate of intereft allowed the Purchafer when he pays'^ % 
fum 2=, for an annuity =«, wherein he has already a term j=:/, 
to have it prolong'4 for a certwn time =Jf, 

j^xampU. An annuity of 20/. per Annum being^ in pofleflion 
for the term of 2 1 years, and for 40/. paid down, it can be pro- 
longed for 10 years more, or to 31 years j what is the rate of 
intereft required ? 

Put 7=:2/-l-x+i, and i T ftiall be the Index of a root of 

3e equal to i-fo', and ^ 
* yx 



» z 



be equal to 1+;^, and — i- :=b. I fay r— i is 



very near to 






Of Compcund Intereji. %% 

fl'rio L.tf=:i. 3010300 

«rio Lf. x=iiooooooo 

rz\o CO. L, 2z r8. 39 79400 ^^^_^ 

}?=26.5)o.69897oo(o.0263762=:L. (i -j- jc =)i .06261 g 

2^^:0.125232 

6r+6_ 
* — — ;j;j- — 3-24 L. fe =o.5i0545Q 

-iy . ; 0.125232 L. *-.2;cra4934257 

1.0039707 



^^ — 2^ 



4=3.176767 3L. ^^— 2^I»zio.50i9853 

i^ — ^b — 2by *i=o.o63233 =: r — i 
Therefore r= 1.063233 the rate fought. 

As will be readily proved by feeking the value of the reverfion 
of an annuity of 20/. per Annum for 10 years after 21 ; at the 
rate of 1.063233 per^ Cent, per Annum. See the Work. 

a=z20 L. ^ =1.3010300 L.r=:o.o266284 

r-— 1=0.063233 CO. L.r — 1=1.1990562 ^21 

CO. L. r^ = 9.440803 6 266284 

Revtr. 87.275/. L. rev. =1.9408898 ^532563 

CO. L. n =9.7337160 Lr*=o.559 1 964 
' Revcn 47.2722/. L. rev. =1.6746058 
40.0028/. the value fought. 

Thus it appears that 40/. and about three farthings is the 
true value of the diflference of the reverfions at the rate of in- 
tcreft before found ; by which it may be judged how »near an 
approxiniation the foregoing Rule affords towards finding 5the 
rate of intereft, when the value of an annuity for a term of years 
to commence after fuch a diftant time is propofed. 



CHAP. V. 

Of the "Tabu of Natural and Logarithmic Sinesy 

Tangents and Secants. 

TH E natural Sines, Tangents and Secants, are every where 
in the columns next to the minuses, and figo'd with N. as 
their Logarithms are with L. in the adjoining columns ; 
at the top if the arc is lefs than 45 degrees, and at the bottom if 
greater, as far as 90 degrees 5 and the differences of the Lo^. 

Sines 



» 



24 Of the Table of Stnes^ Sec: 

Sines, Tangents, and Secants, are common to the Logarithms 
on both fides, and thofe Logarithms (abating i in the tens place 
of the Index) are mutually complements to each other ; fb that 
by this Table, the complement of any Log. Sine, Co-fine, Tan- 
gent, Co-tangent, Secant, and Co-fecant, is as readily taken, as 
the Log. Sine, Co-fme, (^c. itfelf to every minute of every degree 
of the Quadrant, 

But if the complement of a Log. Tangent above 45 degrees, 
or of a Log. Secant is taken ; then 2 will be to the left-hand of 
the funi (that is, in the tens place of the Index) to be abated, 
inftead of an unit. 

I. To find the Siney Coftne^ Tangent^ Co tangent^ Secant j and Co- 
fee ant of any Arc to ^o degrees ^ dtber natural or logaritbmical. 

Seek the number of degrees at the top or bottom of the Table ; 
and the minutes on the left hand downwards, or on the right- ' 
hand upwards, and even therewith is both the natural and the 
logarithmic Sine, Co-fine, (^c. to be found in its proper column. 
' But if the arc contains any parts of a minute, intermediate 
to thofe found in the Table : Take the difiference between the 
Sines, £5?^. of the given degrees, and minutes, and of the minute 
next greater. Then as nE is to that difference, fb is the given 
intermediate part of a minute in decimals to a fourth ; therefore 
multiply that difference by fuch decimal part, and add the produdfc 
to the Sine, Tangent, and Secant, or fubduft it from the Co-fine, 
Co-tangent and Co-fecant, of the given degrees and minutes, 
the fum or remainder will be the Sine, £2?^. required. 

When any fexagefimal parts are given of a lower denomination 
tlHH minutes, they may be reduced to the decimal part of a 
minute, by the Table at the end of the Verfed Sines. 

ExarnpU j. To find the natural Sine of i*" 48' 28^'- 12'^^ 

The natural fine of i*" 49' 317015 

The natural fme of i** 48' > 3141 08 

The difference • . • . 2907 

Now I : 2907 : : (28'' 12''^=) 0.47' : 1366, or 2907 x 0.47'== 13 66 

The natural fine of i** 48' 314 108 

The natural fine of i"" 48' 28'^ 12''' 315474 

Note^ If the diff. 2907 was multiplied by 28.2'', and the produd: 
divided by 60, the quotient would be 1366, as before. 

Example 



Of the Titble of Sines; &c; a^ 

ExaOfli 2. To find the Log. Sine of i*" 48^ 28'^ 12^^'. 

the Log. Sineof i''48' .. . . • • • • 8.49707841 

The difference given in the Table is 40014, and "I , 00 ^ 

multiplied by o^47(iz28'' 1 2 ''0 produces nearly J > ■ * ^ qQ/ 

The Log. Sine of i"" 48' 28'' 12'^^ . . . . ^ 8.498959! 

Note^ In thefc fmall Arcs (if. estaftnefs is required; it would ba 
better to find firft by this Table the natural Sine or Tangent^ and 
then its Logarithm by the Table of the Logarithms of Numbers* 

ExMipk 3. To find the Log. Co-fine of SS*" 1 1' 31'' 48'^^ 

The Log. Co-finc of 88'' 11' .... 8.5010793 

The diff. is 40014, and mult, by 0^53(1:= 31'' 48^'')) 

produces . ; ; • ; . . .3 ^^i2of 

The Log. Co-fine of 88° 11^ 3i'U8'''- • • • 8.498059t 

Which is the fame as the Log. Sine of its complement found 
iti Example 2. 

Example 4. To find the- Log. Tangent of 2'' 23' 33'^ 3^^^/. 

The Log. -Tangent of 2"* 23'' : 8.6193127 

The diflF. is 30300, and mult, by o'.sS^zz^^" 3&") produces 16968 

The Log. Tangent of 2" 13' 33'' 36''^ . . 5 . ; , . 8.621009^ 
Or Log.Co-tajng- of 87 36 26 24. 

Nafe^ The Log. Tangent -f* Log. Co-tangent = 2o.oo6ocpa 
-AJ/b the Log. Sine* -f* Log. Co-fecant ^ . . i . . . i^f.ooooood 

Estampk 5; To find the Log. Secant i** 57' 32^' 24'^^ 

The Log. Secant of 2"* 57^ . , . . . ^ . i 10.00057^0 

The diflT. is 65^ and mult, by o'.54(=32'' 24'^0 prod uces > . . 3^ 
The Log. Secant of 2"" 57' 32" 24''' ........ io.66osyg4 

The Log. Co-fine of 2 57 32 24 therefore is . . ; . 9.99942 06 
For the Log. Secant and Log. Co-fine together make 20.0000000 

II. A natural ot logarithmic Sine^ ' Co-fine^ Tmgent^ • Co-tahgcnt^ 
Secant^ ^ Co-fecant being giveri^ to find tbe< Atc^ 

Take the next lefs of the fame kind found in the Tables, and . 
fubduft it from that gi^en, oblerving the degfees and minutes 
anfwering to it ; then annexing 2 or 3 cyphers to the remainder, 
(See Chap^ IL at the end) divide it by the difference betweeh it 
and the next greater, the quotient will ^be the decinlal part of a 
minute to be added to, or fubtradted from the degrees and minutes 
before found* ' 

A decimd.1 ff af^ion tiiay be fediiced into a £exagefimal» by the 
Table at the end of the Vcrfed-fihes. 

£ Sxan^k 



26 Of the 7abk of Sines, Sec. 

Example i. Given the Log-fine 9.8393859 to find the Arc, 
The Log- fine of 43* 41' is next lefe 9.8392719 

The diiF. between it and next greater 1322)1 i40.0Do(o'.862 
Anfwer43** 4i'.852=i43'* 41' 51'' 43''^ 

Example %. Given the Log. Tangent 9.6766687 to find the Arc 
The Log. Tang, of 25"* 24' is next Icfs 9.6765426 

The difF. between it and next greater 3260) 126 1.000(0'. 3 87 
Anfwer 25° 24'.387=:25'* 24' 23'' 13''^ ' 

Example 3. Given the Log-fccant 10.2041174 to find the Arc. 
TheLog-fccantof 51*" 19' is next lefs 10.2041091 

The difF. between it and ntxx greater • • 1579)83 ooao(o'.0526 
Anfwer 51° i9'.0526=:5i'' 19' 3'' 9'''. 

Example 4. Given the Log. Co-fine 9.9994206 to find the Arc. 
^The Log. Co-fine of 2° 58' is next lefs 9.9994176 

The diff. between it and next greater .... 65430.oooo(o'.46i 5 
Anfwer z" 57'.5385'=2** 57' 52" 19'''. 

Note^ Here the' ©'.46 15 is to be fubtraftcd from the 2** 58' 
firfl found. 

. Example 5. Given the Nat. Co-fine 3 1 5474 to find the Arc. 
The Nat. Co-fine of 88'' 12 Ms next lef s 314108 

The difF. between it and next greater 290)7(1 3 66.6ooo(o'.4%9 
Anfwer 8^ 1 1^.53 = 88^ 11' 31'' 48^^ 



CHAP. VL 



l%e Cafes of right-lined Triangles^ folved By 

Logarithms. 





IN this and the next Chapter it is 
to be obferved, that when we fay 
the Sine, Tangent, i5fc. we mean 
^he logarithmic Sine, Tangent, (fc» 
^ found by the Table. 

Prep. I; Having the anglfs^ and one 
J^(,i9findeitberrf the other JitUs. 



Add the Lo^rithm of ihe given fide 
to the Sine of the angle oppofed to the 
fide required, and from the Aim fub* 
tra£l the fine of the aifgle oppofed to 
the given fide, the remainder will be 
the Logarithm of the fide required. 

Example : In the Triangle B C E 
Figure 2. having the angle C E B 

90 ilegt 



1 



Of Right-lined Tria^ghs. 



90 iig. CBE 51 dig. 56 mm. BC£ 
38 deg^ 4 min. and the fide B £ 
197.3 9 ^ ^^ ^^ ^^ ^^* 

2.29$iz7i l/>gof 197.3- 

9.8961 3^9 Sine of 5 1 i/ff . 56 min. 

32.1912640 Sum 

9.7899880 Sne of 34? dig, ^min, 

3^joiZ76o Log.of 251.9278 fbrCEreq 

Or you may add the complement 
of the aioe of the angle oppofed to the 
^ven fide, to the two other logsCrithms, 
the fum (abating Radius) is the loga- 
hdim of the fide required, as fhewn 
in Prpp. m. Chap. HL And it is 
to be obferved, that the complements 
of the Sines in the Table are to be 
found in die celuouis of the Co-fe- 1 



«7 

Prop. II, Having tvu$ JSdes^ and an 
angli &ppofite to one of them ; to find 
the otbiT two angUsy and the third 
fide. 

. Add the Sine of the angle given, to 
Ae Logarithm of the fide aiHoining 
that an^e, and horn the fum iubtra<S 
the Logarithm of the fide oppofed to 
that angle, the remainder (hall be the 
Sine of the angle oppofite to the ad- 
joining fide. 

Example : In Ae Triande ABC, 
Fig. 2, having the fide AC 800, BC 
320, and the angle ABC 12Z d'eg. 
4 min. to find the angles BAG, AGfi, 
and Che fide AB. 

9.8961369 the Sine d^izideg. 4 min. 



cants : For (paffing over the firft unit) \j:52il521 W of 3^o. 
the do-fecams of the fame arcs* arc ".4012869 Sum 



compleinents of the fame Sines. 

Exantple. The Sine of 38 4^^. 
4 min. being 9.7899880, the Co-/e- 
cant of S^aeg. imtn. is i0.iiooj20, 
(which omiSng the firft unit) is the 
comip/cmeiit of the /aid Sine. 

a2iooi2oCo. of Sineof 38iK^. 4MV. 
2.295 1 27 1 ^^& of 197.3 
9.^^1369 Sine of 5 1 deg. 56 min. 

X.4012760 Log. of 2; 1 .9279. as befofe. 

But if one fide and the angles of 
a rigbt-aiig]e4 Triangle be known, 
and you would have the other fide, 
as in the former Example, the ope- 
ration will be eafier thus ; 

Add the Tar^ent of the angle op- 
pofite to the Me required, to me 
Logarithm of the given fide, the fum 
{abating Radtna) b the Logarithm of 
the fide requiredi 

10.1061489 Tangent of 5 1 ^/?|*. ^6 min. 
2 2^^1271 Log* of 197.3. 

2.4022760 Log. of 25 1. ^79^ as vtt^rt. 



arcs* «uw ' - 

2^9030900 Log, of Soo* 



9.4981969 Sine of 1 8^. 21m. for BAG. 

Having BAC and APC, the angle 
ACB is their complement to 180 deg. 
viz. 33 deg. 3S min. and you may find 
die fide A8 by the firft Propofition. 

Prop. IIL Having two fides^ and the 
angle between them j to find the other 
tiOo angles^ and Hu third fide. 

If the angle included be a right- 
angle, add the Radius to the Logarithm 
of the Icflcr fide, and from the fum 
fubtra£l the Logarithm of the greater 
fide, the remainder fliall be the Tan- 

fjcnt of the angle oppofed to the Icffec 
ide. 

Example : In the Trianole B C E, 
Fig. 2. having the fide BE 197.3, 
and CE '251.9; to find the angles 
BCE, CBE, and the fide CB, 

12.2951271 Raa.AddedtoLog, of 197,3 
^£^4212278 Xog. of 251.9. 

9.5^38989 Tang- 0/38^. 4M. ^r BCE. 

' B i But 



I- 
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. Of Rtght-SneJ Triangku 



But If the Angle included is ob- 
lique ; add the Xogarithm oF (he 
difFecence of the givert fid^ls to the 
Tangent of half the fum of the 
angles unknown, and from the fum 
fubtrad the" Logarithm of the fum 
of the given iides^ the remainder 
ffaall be' the Tangent of the half of 
peir difEbrence. ' ' ' 

Example : In the Triangle ABC 
/jjf. i 2. ' having the fide .AB '56.2, 
B C 320, and the angle ABC 
iliileg. ^min. to find the angles 
BAC, ACB, 'and the fide AC. 

The fum of the given fides is 
$82, anj the difference 242, the 
half futn of the angles unknown') 
i&25^(f^, ^Smin, 

f .3838154 Log. of242ditF. of the fides 
9.6875402 T ang, of zs^eg' 5B»f/«. 
1^.0713556 Suin. 

'2:9454086 L oglof 882 fum of the fides 
9. 1 2588^0 'Jan gent of 7 <iV^. 37 tnix. 

* > 

Thcfe 7 dfg. 37 mm. being ad- 
ded to' 25 deg.. 58 min, the half fupi 
of (he angles unknown, the fum is 
33 A^» 35 w/«. for the greater an^le 
ACB ; and the fame 7 deg. 372^1. 
bein^ fubtraft? d ffom J15 deg. 58m/«. 
(be remainder is lideg. 21 min. for 



the leffcr angle CAB.. La/ify^ 
Knowibg the Singles, and two fides, 
the third fide may be found by the 
firfl propofitioif . 

Prop; IV. Having the thru ftdes i 
to find any j/ngli* 

Add the three fides together, and 
take half the fum, and thedifFerences 
betwixt the half fum and each fide : 
Then add the complements of the 
Logarithms of the half-fum, and o£ 
the difFerence bctweer^ the half- fum 
and the fide oppofitc to the angle 
fought, to the Logarithms of the 
differences of the haK-fum and the 
other fides ; half their fum will he 
the Tangent of half the angle re- 
quired. 

Example : In the Triangle ABC, 
Fig, 2. having the fide AB 562, 
A C 800, and B C 320, to fin4 
the angle ABC. » " 



AC==^oo 
A 8=562 
B 0=320 



fum. 1682 



HC384T . CO. log. 7.075104.0 
H— AC:=4i c. 1. 8.3872161 
H—AB--2 79 log.*. 445604a 

H— BC=521 log .a.7'6>377 
\ fum 84i jsH fom xo.6»486a» 

Tang, of 6^. zm^zss |; fum 10.3114310 

Whofe double 12^ deg, ^min. is the 
angle ABC. 



CHAP. VIL 



Tbe Cafes of Spherical Triangles filled ^ Logarithms. 



THE Refolution of Spheri« 
cal Triangles is to be per- 
formed by the Table of 
Sines, Tangents and Secants, which 
we (ball (hew by the 28 Propofitions 
following, whereof 16 are of right- 
angled, and in. are of oblique 'fri- 
flnglcs I and &ft 



*•♦ ' o 



Oftbe Right -angled Triangles. 

Prop. I. Having ibe Legs j u fin^ 
the H^potenufe. 

Add the Co-fine of one leg, to the 
Co-fine of the other leg j the fum 
(abating Radius,") is the Co-fmc of 
the hypotenufc rcquiredf 
^ ■ . . , Example: 



I 



Of spherical 

Example': In the right-angled | 
Trutoglc ACB, Fig. 3. having AC, 
27 dig. 54 min. and B C 11 deg. 
30 min. to find A B the hypote- 
nufe. 

9-99 ' 19^7 Cb-ime of 1 1 dig, 30 «r/«. 
9^946 3 371 Co-fine of 27 dig. ^^min. 

9.9375298 Co-fine of ^odig. 00 mn» 

for AB required. 

Prop* IL Having thi two legs ; to 
fad either if the anglts. 

Add th.e Sine of the leg next the 
angle fought, to the Co- tangent of 
tfae other leg; the fum (abating 
Radius,) ia the Co-tangent of the 
angle required. 

Example : In the right - angled 
Triangle ACB Fig. 3. having AC 
37 deg. 54 min, and B C 1 1 deg, 
30 mhu to find the angle BAG. 

9.670 1 S07 Sine of next leg lyd. g^. 
1 0.69 15574 Co-tan.ofopJeg i id. ^om. 

iO'S6i^iSi Co-ca.ofBAC. i^d. ^om. 

Prop. IIL Having the bypotenufe^ 
* iind ene ef the angUsi to fad the 
other angle^ 

Add the Co-l^ie of the hypotenufe 
. to the Tangent of the an^e given ; 
Ihe fudi {abating Radius,) is the 
Co-tangent of the angle required. 
- Example : In the right - angled 
Triangle ACB, F^. 3: having the 
hypotenufe A B 30 deg. and the an- 
gle ABC dt^dig. 22 mm. to find fhe 
angle BACt 

9.9375306 Co-fine of hypot. AB %pd, 
10.4241896 Tang, of ABC 6gd* izm, 

19.3617202 Co-tang.of BAC 23^.3o». 

I, ., ^^ '. 

Prop. iV. Having the hypotinufe^ 
and one of the angles % to fad thi 
leg mxt the given angk. 

Add the Tangent of the hypo- 
t^ufe to the Co-fine of the suiglc 



Triangles. 29 

given; 'the fum (abating Radius, 
is the Tangent of the leg required. 

ExampU : In the right - angled 
Triangle ACB, Fig. 3, having the 
hypotenufe A B 30 dig. and the an* 
gie ABC 6gdig. 12 min. to find 
the leg BC. 

9.7614393 Tang, of hyp. AB ^odeg, 
9.5470188 Co-fine of ABC 6^d. zzm* 

9.3084581 Tang, of legBC ii^. 30/v. 

Prop. V. Having thi hypotinufe^ 
and om of the angUs ; to find the 
lig oppofid to thi givin angU. 

Add the Sine of the hypotenufe 
to the Sine of the ailgle gjven ; the 
fum '(abating Radius,} is the Sine 
of the leg required. 

Exampli : In the right - angled 
Triangle ACB, Fig.^ 3. having 
the hypotenufe AB 30 dig. and the 
angle 9AC z^deg. ^gmin. to find 
the leg BC. 

9.6989700 Sine of hyp. AB ^odtg. 
9.6606997 Sine of BAC 23^. 30/Kr. 

9.2996697 Sine of leg, BC 11^. ^om. 

Prop. VI. Having om of the legs^ 
and the angle next it | to find the 
hypotenufe. 

Add the Co-tangent of the gi- 
ven leg, to the Co-jine of the angle 
given; the fum (abating Radius,) 
is the Co-tangent of the hypotenufe 
required. 

Example : In the right - angled 
Triangle ACB, Fig. 3. having the 
leg AC 27 deg. 54 min. and the an- 
gle BAC 2'ideg. 30 min. to find 
Sie ))ypotenufe AB* 

10.55761563 Co-tan. ofleg AC zjd*^^. 
9.9623977 Co-fine of BAC 23^. 30«. 
10.2385540 Co-tang, of hyp. AB ioif.\ .^ 

Prop. - * 



/ 
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Prop. VU. Hmnng cm 9/ ^he /f^f 19.2996553 Rad. 4- Sioc of 1 1 4^^. 30;w. 
and the angle next it i to find the\ 9. 6006997 Sine of BAG 33 de£, lomut, 
'"'' *" '* 9.6989556 Sine of 30 ir^. for AB rc<j. 



other leg. 

Add the Sine of the kg given to 
the Tangent of the Angle given ; the 
ium (abating Radius,) is the Tangent 
of the leg required. 

Example: In the right-aogltd Tri- 
ande ACB^ Fig* 3« having the leg 
AC 27 deg. 54 tnin. and the angle 
BAG 2ideg. 30 mitt, to find the leg 
BC. 

9.6701807 Sine of leg AC ty d. 54 ar. 
9.6383019 Tang, of BAG 23 </. 30 «. 

9.3084.826 Tang, of leg BG u d. 30 «. 

Prop. VIII. Having one of the logs, 
and the amgU next it j. to find ibe 
0tber angle^ 

Add the Co-fine of the given leg 
to the Sine of the angle given ; the 
fum (abating Radius,) is the Co-fine 
of the angle required- 

Example : In the right-angled Tri- 
angle A C B, Fig. 3, having the leg 
BC 1 1 deg. 30 WW. and tbc angle 
ABC 69 deg. 22 fmn. to fifld the 
angle BAC. 

9,991 1927 Co-fuic <rf leg BC 1 id. $om. 



Prop. X. Having one of the tegSy and 
the angle oppofed unto it \ to find the 
^ber leg. 

Add the Tangent of the given Ic?, 
to the Co-tangent of the given angle ; 
the fum (abating Radius,) is the Sine 
of the leg required. 

Example : In the right-angled Tri- 
angle ACB» Fig. 3. having the leg 
BC 11 deg. 2^min. and the angle 
BAC 23 d^g* 30 min. to find th^ hg 
AC- 

9.3084626 Tang, of leg BC n ^i'. ^om* 

1 0.36 1 698 1 Co-tang, of BAG 23^. 30W. 

9,670x607 Sine of leg AG zyd. ^^m* 

Prop. XI. Having one of tie legSy and 
the angle oppofed unto it \ to find tbt 
o$hir angU* 

Add the Radius to the Co-fine of 
the given angle, and from the fum 
fttbtrad thtf Go-fipc of the leg givrn ; 
the remainder 13 the Sine of the a^igle 
required. 

Example : In the ri^t-angled Tri- 
angle A C B, Fig. 3. having the leg 



9.9712084 Sine of ABC 69 rffj:. 2^a«». BC if deg. ^omiM. and the an^e 



9.9624011 Co-fine of BAG 23 ^. 30 «^ 

Prep. IX. Havit^ otto of the legSy 
and ibi angle oppoftd unto it-, u 
fiod the bfpoienufe* 

Add the Radiiie to the Sme of the 
given leg, and^ from the fiun fubtca^ 
the Sine of the angle ^ivea, the re- 
mainder is the Sine of the hjrpolcnufe 

required* 

Example : In the right-angled Tri- 
angle AC B, Fig. 3. having the lee 
BC 11 deg. %omin. and the angle 
BA<; 2^deg. lOmiH. to find the by- 
^tenufe AB« 



SAC 23 i^^. 30imt. to find the an- 
gle ABC 

19.9623977 Rad.-fCo-finc of z^d. ^om* 
9.991 1927 Co-fipeof leg^G m d, 30^, 



9.9712050 Sine of ABC 69 d. zz ». 

Prop. XII. Having one of the legt^ 
and the bypvtenufe \ to fotd thi ofigk 
next the given leg. 

Add the Tangent of the given lcg» 
to the Co-tao|ent of the hypotenufe, 
the fum (abatuig Radius,) is tbe.Co- 
iine of Uie angle required. 

Example: 



Of Spbmeal Triangttu 

Exmnpk : In Ac right-angled Tri- 
angle A C B, Fig. 3, having the leg 
A C 27 d^g^ 54 mtn. aod the hypote- 
aufe A B iodfg. to fifid the ande 
BAC. ^ 



9.723^43:6 TMig. of leg AC 27/!^. 54«r. 
ro.2385606 C<Maii|. of hyp. AB 30//» 



9.9624042 Co-fine of BAC 231/. 30«. 

Prop. XIU* Having ent ef the legs^ 
and the bjp^fenuft ; to find the angig 
0fp9/ed to the given leg. 

Add the Radius to th^ Sme of the 
given leg, and from the fum fubtrad 
the Sine of the .hypotennfe, the re- 
mainder (hall be the Sine of the angle 
required.' 

ExampU : In the rigbt-angled Tri- 
ande A C B, Fig. 3. having the leg 
B C 1 1 dig. 30 mxH. and the hypote- 
niife A B 20 dfF« to find the anale 
BAC, ^ 

tp.spiptff^j Ibd^f^SlneBC 11/ ^ow. 
g,6^2^^ Sfhe df lijp. AB jo/« 



3« 

Pr^. XV. Having the angles; tsfind 
the hypotenufe. 



9.6006053 SifiCofBAC23/. lom* 

Ph)p. XIV. Having one rf the kgs^ 
and tbibjp6teuufe 3 to find the other 

Add tlie Radius to die Co-fine- of 
the hypotenufe, and from the fum fub- 
tnSt the Co-fiae of the. given leg, the 
remainder is tbe Co-fine of the leg 
le^uircd. 

Ekampk r In the right-angled Tri- 
ande A C B, /%. 3. having the leg 
Be II dig. jQfnbi. and Aehjrpote- 
Qttfe AB yidig. to find the leg A C. 

)9«95753o6 Rad.4-Co-fiae of AB jod. 
9.9911927 Co-fine of leg BC 11//. 30j9ir. 

9>9463379 Co-iine of leg AC 27</. ^^, 



Add the Co-tangent of one oUique 
angle to the Co-tangent of the other 
oblique angle ; the fum ( abating 
Radius,) is the Confine of hypotcnufc 
required. 

Example : In the right-angled Tri- 
angle ACB, Fig. 3. having die angle 
BAC 22 de^. y>min. and the angle 
A B C 69 deg. 22 min, to find the 
hypotenufe AB. 

10.3616981 Co-tang, of BAC z^d. ^om. 
9.5758104 Co tang, of ABC 69^. 22w* 

9.9375085 Co-fine of hyp. AB 30 deg. 

Prop. XVI. Having the angles j fa 
find either of the legs. 

Add the Radius to the Confine of 
either oblique angle, and from the fum 
fubtra£t the Sine of the other oblique 
angle, the reminder (hall be the Co* 
fine of the leg oppofite to the angle, 
whole Confine was taken. 

Example : In the right-angled Tri- 
angle ACB, Fig, 3. having the angle 
BAC OL^deg. 2^min. and the angle 
ASC6^dtg. 2%min. to find the 1^ 
B C. 

i9.9623977Rad.'4-Co-fi. of BAC23y.30M 
9.9712084 Sine of ABC 69 deg. zinu 



9.9911893 Co-fine of leg BC iid. ^om^ 



Of Oblique Tria^^ks; 

» 

Prop. XVn. Having the three fides f 
to find my of thi angles* 

Add the three fides, and take 
half the fumi and the difference 
between the half fum 7mA tbe fide 
oppofue to tbe angle fought. Then 

add 






add tbc complements of the Sinfs of 
the other fides, to the Sines of the half 
fum and of the faid diflferencc ; half 
the fum of tliefc four Logarithms is 
the Co-fine of half the angle required. 

Example: In the Triangle SZP, 
Fig. 4. having the fide Z S 40 deg. 
PS 70 dfg. and PZ i^deg. ^omn. 
to find the angle Z P S. 



Comp. of its Sine b.ol5'ot4* 
Comp. of its Sine 6.%os%S^S 
Sine of h^lf fuml $.9833805 
Sine of diff- • . * 9'7^o3 57» 
fum I <^. 96 6603 



Of spherical Trlangkf: 



PS=370 o 
PZ=38 30 

ZS= r40 o 

Sum 148 30 
I fum 74 15 

ZS=4o o 



Diff. 34 15 



Co-fmc i5</. 47»' 9-98l30»5 
Whofc double 31^. 34^ 
ZPS req. 



IS 



Prop. XVni. H^ng the thru an- 
gles i to find any of tbeftdes. 

Let the angles be changed into 
fides, taking the fupplement of the 
greater; then the operation, ihall be 
L fame as in the former Propofition. 

Prop. XiX. Having two angles, and 
I fide oppofed to one of them ; to find 
the ftde oppofed to the other angle. 

Add the Sine of the fide given to 
the Sine of the angle oppofed to the 
fide required, and from the fum fub- 
uaa the Sine of the angle oppofed 
to the fide given, the remainder fiiall 
be the fine of the fide required. 

ExampU : In the Trianrfe S Z P, 
FiiT. 4. having the angle SZP i^o deg. 
^min. 12 >. 5PZ 3^ deg. 34 mm. 
lefec. anS the fide ZS 40^<f. to 
find the fide PS. 



9. 808067 5 Sine of fide ZS 40 deg. 
9.8839145 Sine of SZP 130^. 3«. iz/ec* 



19.6919820 Sum 
9.71899 76 Swie of SPZ 3 id. 34«. 26 fee. 

^9729844 Sine of /o deg. for PS req. 

Prop. XX. Having two angles^ and 
a ftde oppofed to one of themy to 
find the fide between the angles givens 

Let a perpendicular' fall from the 
angle unknown, upon it's oppofiw 
fide : Then add the Co-fine of the 
given angle next the given fide, to the 
TangenTof Ac given fide; the fiim 
(abating Radius,) is the Tangent of 
the firft Arc, comprehended between 
the given angle next the given fidc^ 
and the fegmcnt of the ndc where 
the perpendicular falls. 

And the fecbnd Arc . icomprehcndcd 
between the fame fcgment and 'the 
other angle, is to be fooiid thus : Add 
the fine of the Art found, to; the Tan- 
gent of the given angle next the given 
fide, and fronx the fum fubtraft the 
Tangent of the other angle given, the 
remainder (hall be the Sine of the fc- 
cond Arc. 

The fum or difference of thcfc two 
Arcs will be the fide required. 

Example : In the Triangle SZP, 
Fig. 4. having the angle ZPS 31 deg. 
2/^min. 26 fee. ZSP 30 deg. 29 min. 
1 2 fee. and the fide PZ 36 deg. ^omin^ 
to find the fide SP. 

0.0304212 Cci-fme of ZPS 310 34' i6''^ 
9. 90060^1 Tang, of PZ 38^' 30' 



9.8310274 Tang, of 34° 7f' for PR 

ift Arc 



0,7489630 Sine of PR 34° 7k' 
9.7885756 Tang. ZPS of 31°' 34' z6" 



I 



I9»^37?386 Sum 
9.7696283 Tang, of ZSP 30^ 28' 12'/ 

9.7679103 Sine of 35^ s4^ lor S ft 

2d Arc 

Now 
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Of spherical Triangtesl 

feln this Example, adding PR 
7 i min. (the firft arc) to SR 
52 t ^»- T'^c fccond arcj 
Yum is 'JO dig. i'ox SP required: 
: when the perpendicular falls out 
.the Triangle^ the diiFerence of 
two arcs will be the iide required. 



>. XXI. Having two angles^ and 
fide oppsfiti it one of themi to find 
H third angU. 

j^t a perpendicular fall from the 
^e iinknown, upon its oppofite 
»: Then add the Co-fine of the 
'en fide to the Tangent of the 
acent angle ; the fum (abating 
dius) is the Co**tangent of the firft 
gle to be found, comprehended by 
: given fide and the perpendicular. 

^hd the fecond angle, compfe- 
ded by the perpendicular and the 
unknown*, *^ to be found thus : 

dd* ehe fine of the an^te found, 
the .Co«>fine of the given angle 

otei tx% the given fide, and from 
fum fiibtfad' the Co-fine of the 

Itx angle given^ the remainder. 

Jl be the fine of the fecon^i anglje. 

The . fum or difference of thefe 
o angles will be the angle requi- 

» 

Mxtm^ : la the Triangle S Z P, 
pre 4. having the an^e Z P S 
dig. 34mjv. zhfic^ ZSP Jpdeg. 
nun. \%fii. and the fide P Z 
dig. 30 nun^ to find Che angle 

^935444 Co-fine of PZ 38«> 30' 
•835756 Tang, of ZPS 31*^ 34'^26" 

)2i2oo Co^tang* of 64^ 18' 50^' 

for PZR ift angle 
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9.9548126 Sine of PZR 64® 18' 50'' 
9 93 S4S^7 Co-fine of ZSt 30*» 28' 12'^, 
19.8902693 Sum 
9^0304222 Co-fine ZPS 31° 34' 26'' 



9.9598471 Sine of 6^^ 44' 23'', for 

SZR 2d angle 



NoW in this llicample, adding P2R 
(>\deg. xSmin. so/ec (the firft angle) 
to SZR 6s dig, ^min. 22Jic* (the 
fecond angle) the fum is i^odig^ 
3 fnih. j^fec for the angle S Z P 
required. But when the perpendicu- 
lar falls out of the Triangle, the 
differcMce of the twb aiigles will be 
the angle required. 

Prop. XXII.. Having two fides^ ani 
thi angle betwien themi to find eitber 
of the Either angles . 

Lei a perpendicular fall front the 
unknown angle hot irequired upon 
its oppofite fide : Then add the Co- 
fine of the given angle, to tlie Tan- 
gent of tfee givert fide oppofed to the 
angle j^equired» Ihe hini (abating Ra- 
dius) is the Tangent of the firft arc, 
comprehended between the given 
I angle and the fegment of the given 
fide where the perpendicular falls. 

And thcf fqeend arc is the difference 
of that fide, and the* fiHl arc, being 
comprehended' between the fame feg* 
ment) and the angle required. 

kow add the Sine of the firft arc, 
to the Tangent of the given angle, 
and from the fum fubtrad the Sine 
of the fecond aircj the remainder {hall 
be the Tangent of the angle required. 

Example : tn the Triangle S Z P, 
Fig. 4. having the fide P Z 38 deg. 
30min..?S JOdeg. and the angle 
ZPS 2^^i' Z^min, 26 /Jo to find 
the angle 2SP* 

^ Co-fine 



3+ 

9*9304^2< Co-fine of £PS 51^ 34' %6f' 
9.9006052 Tang, of ZP 38® 30' 

— — ^ ■ II 

9.83io2>4 Tang. PR. 34^^ 7/ 1 ift arc. 

9.74851630 SineofPR 34®7'| 
9.7885756 Tang, of ZPS 31® 34' 26'' 



19.5375386 SiiAi 
9.76791 15 Sine of SR 35** 5^' | adarc 



•«« 



97696271 Tug. of 30^ 28' 12'^ for 

ZSl' required 

TofiiJ hth the anglis unknsvm. 



Add the complement of the Sine 
ef half the fum of the given fides, the 
fine of half their diference, and the 
Co-t^gent 6f half the angle given 
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together; the fum (abating Radios) 
b the l^'angent of haflf the difl^rence 
of the to^€6 required. 

Add alfo the ^onvplement 6f the 
C6-fine df half the Sum of the gi- 
y^n ^des, the Co-^fine x>f half their 
difFerence^ and the Co-tangent of 
half the angle given together; the 
Sum (abating Radtiis) is the Tan- 
gent of half the fum of the angles 
required. 

Then add the half difference of the 
angles required, to their half fum, 
and you will have the greater angle $ 
and fubtraS the half-difference from 
the hdf-fum, and y6Vk will have the 
lefler tngfe required, the fame as ia 
(be former operation. 



PSs=s7o^ o' 
PZ==38 30 

Sum' 108 ^o 



PSSS70® o^ 
PZ='?8 30 

>«!* rr 



Pi ff., 31 30 

1 Sum 54 15 {Diff. 15 45 
AnglcZPS=3i<>34/ 26'' 

iZSP=is 47 13 



Co. of fine \ Am 0.09067 i9|Co. of cs | fum 0.233401; 

Sine of f dlff. 9.4336746 Co-fme off di*". 9.5^833805 

Co-tang. I Z PS 10. 54863^2 Co-tang. | ZPS jo^£486|^ 

Tan.49*>47'3o'' 10.0729817 Tan. 80*^1 5'42''i0.y6s4i7* 

Halfthefiunof the luiglss required is . . 80^ 15' 42'' 
Half the diilerence is 40 47 30 

The greater angle SZPjs, 130 3 12 

The kfler angle Z SP is as before • • • 50 2S 12 



Prop. XXItl. Havef^mo fidts^ tmd 
tbi angU bgtwun themi U find tbi 
tbirdjide. 

Let a perpendicular fildl from elthet 
of the angles unknown, upon its, 
oppofite fide : Then add the Co-fine 
of the given angle, to the Tangent 
of the nde froOi whofe end the per- 
pendicular is let fall : the fum (abating 
Radius) Is the Tangent of the fifft 
arc, comprehended between the single 
given, and the fegment of the fide 
where the perpendicular falb. 

And the fecond arc is the diffe- 
rence of that fide and the firft arc, 
being comprehended between die fame 
fegment and the end of the fide 
required. 



Now kdd the Confine of the feeofld 
afc, to the Co-fine of the fide from 
whofe end the perpendiculor falleth, 
and from the fum fubtta^ the Co-fine 
of the 'firff arc fbund^ (he remainder 
fhall be the Co-fine of the fide re« 
quired. 

Mxampli : In the Triangle S Z P, 
Ftg. 4. having the fide PZ 381^ s6m. 
PS 70^. and the angle ZPS 31 J. 34ffff» 
l6Jic. to' find the fide ZS. 

9.9304222 Go*fine ZPS 3 1® 34'-a6^^ 
9.90060^2 Tang, of PZ .38^ 30' 



9.8310274 T ang, PR 34^ 7I' iff arc 

9.8935444 Co-fine of PZ 38*^ 30' 
9.9086444 CO-line of flR 35^ 5:2 i' 

. 2daic 



19.802 1SS8 Sum 

9.9179336 C6-finc of PR i^ 7V 
.— _— — iff arc 

9,884255 a. Co-finc of 40^ fi)r ZS req. 

Prop. 



Phtt, XXIV. Havif^ /v# fid$h mi 

& mgU fpofid to 0m pf tb§m ; U 
faithg angU ofp$f$d tfi thg ^htr fidi. 

Add the Sine of the angle given, 
b the Sina of the 64^ oppofed the 
angle required, and from the fum fiib* 
tcad the Sine of the fide oppofed to 
the an&le given, the remainder ifaall 
be thcdise of the angle required. 

Exampk : In the Triangle S Z P 
Fig. 4* JMviag the fide KS foiig. 
ZS40dtg. and the anek SZP 130 
^. xmtMt izfec. to find the angle 
ZFS. 

9.883914; Sine of SZP i^cP x' i%'f 
9.8080675 Sine of ZS 4QP^ 

19.6919820 Sum 
9.97998(8 8bp of FS 70^ 

9.7x89961 8bke of ZPS3i^ 34'a6'^itf . 

Prop. XXV. Having tW9 fidis^ and 
the angU ^ 
frJibt third^ 
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The film or di^eoct of tbofe two 
arips will be the f^t required. 



the angU ifpcjid u w$ ^ tbani U 

' '-' " ijtdc. 



Tax a perpendicular fall from the 
ang^e between the fides given, upon 
its oppofite fide : Then add the Co- 
fine of the angle ctven, to the T^* 
pot of die given fide next that angle ; 
tfae fiun (abatine Radius) is the Tan- 
gent of the firft Arc, comprehended 
between the g^iven angle, and the feg- 
KMiit of die 'fide where the perpen^ 
liculM falls. 

Now the 2d arc comprehended 
between the fame fegipentj an^ the 
cod of the fide required, is to be found 
thus : Add the Confine of (he firft arc, 
to the Co-fine of the given fide ojyo. 
(ed to the angle given^ and from the 
ftm fubtrad die Co-fine of the other 
fide fi^ven, the remainder f^ be the 

Cih&ieof ;hcftcoAdargt 



Exm^U: Id die Triangle SZP, 
Fig^ 4. having the fide PZ ^dig; 
9omin. SZ 4.0 deg, and the angle 
SPZ 31 dgg^ 34 min» 26 fic. to find 
die fide PS. 

9.9304221 Conine of SPZ 31^ 34' 26^^ 
9.9006052 Tang, of PZ 38^ 30' 



9.8310274 Tang, of PR 34* f 30'' 

iftare 



9.9179336 Co-fine of PR 34^7' ^o'{ 
9.8842540 Co-fine of SZ 40^ 



19.8021876 Sum 
9.8935444 Corfineof PZ 38^ 30' 



9.9086432 Confine of SR 35^* 52' 30'' 

aifare 

% 

» 

Now in this Example, adding PR 

34 dig* 7 f min. (the firft arc) to SR 

35 dig* S^i min* (the fecond arc) tho 
fum is JO dig, for PS the fide required. 
But wnen die perpendicular falls out 
of. the Triangle, the difference of tht 
two arcs will oe the fide required. 

Prop. XXVI. Having tw§ &Usy 0$d 
' the angli oppo/id to one of thmi (0 
fmd $b$ (mgli 9itwem tbtm. 

Let a perpendicular fall from th# 
angle between the fides given upon 
its oppofite fide : Then add the Co-fine 
of the given fide next the given ande^ 
to the Tangent of that angle ; the Uim 
(abating Radius) is the Co-tangent of 
.the firft angle to be found, conpre* 
bended by the given fide next the 
angle given, and by the pferpendi- 
.cular. 

Now the feoond angle comprehended 
bv the Perpendicular, and the other 
g^ven fide, is to be found thus : Add, 
ftbe Coi»fine of the firft anzle found 

% to 
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to the Tangent of the given fide next 
the angle given,' anv frdm the fum 
fubtraA the Tsmgent of the other 
giveii fide, the remainder ihall be 
the Co-fine of the fecond an^je to 
be found. 

The fum, or the difference of the 
firft and fecond angles^ ihall be the 
apgle reqi^ired. 



Example: In the Triangle S Z P, 
t'ig* 4. having the fide PZ 38 deg, 
30 min, S Z 40 deg, and the angle 
SP2^ 31 d€g, ^^min. 2p/ec. to find 
the angle SZE. ' • ' 

9.S935444 Co-fine of PZ 38? 3of 
9.7885756 Tang. ofdPZ 31? 34' 26'^ 



9.682 1 ?oo Co-tang.of PZR64°i 8' 50'^ 
•t ' ' ' ift angle 

9.6369296 Co-fine of PZR 6f^ 18' 50'^ 
$.900605 2 Tahg. of PZ 38° ' 3o( 



19.5375348 Sum 
9.9238135 Tang, of SZ 40^ 

'g.6i37>i3 Co-fine of SZR 65® 44.' ^3'' 

id angle 

Now in this Example, ^dding PZR 
64^. 18 min, $ofec. (the firft angle) 
tk> SZR 6s dig. 4^ mm. 22 fie, (the 
fecond angle) foui^d, the fum is 130 

^^i' 3 ^^^* ^Sfi^' ^9^ ^^P ^^ Angle 
ffequired.' ' • ^ ' ' - 

Prop. XXVII. Having two an^leSy 
and the fide between them \ . ^o find 
either of the other fides* 

Let a perpendicular fall ^oqi that 
fingle given which is next the fide 
required, upon its oppofite fide : 
Then add the Co-fine of the given 
fifle to the Tangent of the given angle 
cppofed to t\ie tide required; the'fum 
(abating Radius^ is the Co* tangent of 
the firft angle to be found, compre- 
hended by the given fide, and the 
Pendicular, ' »- " *' * 



And the fecond angle is the diift-r 
fence of the firft, and the given angle 
next the fide fpught, being compre- 
hended by the perpendicular^ and that 
fide. 



Now add the Co-fine of the firft 
angle found, to the Tangent of the 
fide given, and frotn the fum fubtraA 
the Co-fine of the fecond angle, the 
remainder (hall be the Tangent of the 
fide required. 






Example : In the Triangle S Z P, 
Fig, 4. having the angle SPZ 31 dig. 
2\tnin, 26 fee. S7L2 'i^odeg. 3 mm. 
12 fee, and the fide PZ 38 £&^; 30/ninL 
to find the fide SZ. 

$.8935444 Co-fine of PZ 38® 30' 
9.7885756 Tang- of SPZ 31** 34' z6". 

9.6821200 Co-tang.of PZR 64® iS'jo'^ 
— — — ^— ift angle. 

9.6369296 Co-fine of PZR 64^ 1 8' 50". 
9.9006052 Tang, of PZ 38® 30' 



19-5375348 Sum 

9.0137221 Co.fineofSZR$5^A4'22" 
' 2d 2ngle. 

9.9238127 Tang, of SR ^o? fide rcq. 

To find ^otk the fides uflkttown. 

Add the complement of the Sine 
of half the fum of the angles given, 
the Sine of half their difference, and 
the Tangent pf half the given fide 
together; the fum (abating Radius) 
is the Tangent of half thp di^Itrenpc 
of the fid^s requi|:ed. 

Add alfo the complement of the 
Co-fine of half the fum of the given 
angles^ the Co-fine of half their difie- 
rence, and fhe Tangent of half' the 
given fide togedier ; the fum (abating 
Radius) is the Tangent of b^f the 
fum of the fides required* 
^ • ■ "•• •■ ■"• The 



1 
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Then add the half difference of 
Ibe fides required, to their half fum, 
ud you will have the greater fide ; 
and fubtra^ the half di&rence from 
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the half fum, and you will have the 
lefler fide required, the fame u ia 
the former operation. 



4/. Ji>y^i '• «• y^ 

SZP130 3 iZ|SZPi30 3 12 
SPZ 31 3426 'SP Z 31 3426 

Sam 101 37 3 8JDi ff. 98 a8 4 6 

Idif. 49 14 23 
c 
o 



i fttm Bo 48 49 

SidePZ .../:.. 3830 

fSidePZ. ..... J9 15 



Co.of fine i hm 0.0056062 
Sineof^diff. . 9*8793527 



Co.ofcs'ifbni 0.7968360 
Co fineidif. 9.8148437 



Tang, of I P Z 9.5430936 Tang.of ^P Z 9.5430936 

Tan.of 5ji/. 10.1547733 
required u • , • 55 dgg. 

Half their difference is . . , ,15 j/ e^m 

The greater fide SP is »••.•••••• 70 ^« 

Leiler fide STi is, as befoie • ' • 40 deg. 



Prop. XXVm. Having two angles^ 
and the JuU between them i to find 
the third angle. 

Let a perpendicular fiill from either 
of the angles given, upon it's oppo- 
fite fide : Then add the Co-fine of 
the fide given, to the Tangent of 
the given angVe, from which the 
perpendicular does not fall, the fum 
(abating Radius) is the Co-tangent 
of the 6t& angle comprehended by 
the ffven fide and the perpendicular. 

And the fecond angle is the diffe- 
rence of the firft, and the given an- 
gle that the perpendicular fell from, 
being comprehended by the perpen- 
dicular, and the fjde oppofed to the 
odier angle given. 

Now add the Sine of the fecond 
angle, to tlie Cp'fine of that given 
angle from which the perpendicular 



jdid not fall, and from the fum fub- 
trad the Sine of the firft angle found ; 
the remainder fhall be the ca fine of 
the angle required. 

Example: In the Triangle SZP 
Fig. 4. having the ande SZP 130 
deg. 3mif{. 12 fee. SPZ 31 deg. j^, 
min. ibfec^ and the fide PZ 38 dig. 
30 nun. to find the angle PSZ. 

9.8935444 Corfine of PZ 38® 30' 
9.7885756 Tang, of SPZ 31^ 34' a6'^ 



9.68a 1 200 Co-tan. ofPZR 64^ 1 8' 50^' 
— — — — — iftangla 

9.9304222 Co-fine of 31'' 34' 26'' 
9.9598454 Sine of SZR 65^ 44^ 22'' 

ad angle. 



19.8902676 Sum 
9.9548126 Sine of PZR 64® 18' 50'' 

I— .*—«—- I ft angle. 

9.9354550 Cor£neofPSZ30^28'reqd. 



CHAP. VIII. 
Of the ^ahU of Natiiral and Logarithmic Verfed-Jmesl 



TH E Natural and Logarithmic 
Veried-fines, in this edition, 
are truly correded and fet 
next one another in columns 
^jfiinQly titled \ the degrees through- 



out the Table, are fet at the top, and 
the minutes numbered downwards at 
both fides of each page, quite on to 
90 d^ees ; fo that the . Verfisd* 
fine of cither fort b readily taken 



jE Cf the Verjed Sims. 

to ev^ mismte V ^ quadunt^ and | 
for aay4ntenne4iatc part in the (aqie 
Dianoer as in finding the Siae, T^Q- 
gent) or Secant. 



But fuice the Verfed-fin^s are not 
^e CQoUaucd ftooi 90 degrees to 
]&); ^d t^ecaufe the Verfed-fme of 
W arc aWf .$0 dcgreear niay as ofteo 
be waited a> of an arc lefs thao 90 
4egroe6, es^ceptio (ooieparticular catea ; 
tbesefore^ in fome meafure to fupply 
tjfOlL dafeAi in the natural Verfed- 
iines, add the Radius (sr M000»o6o} 
to the natural Sine of the excefs of 
the ^rc abofe 90 decrees, the fum 
i^m be the natural Verfed-fine re- 
auiifrd; aod.inthe Logarithmic Verfed* 
fines, add^ 0,3010300 ta twice the 
Log-fine of half the arc, the fum 
sbattng Radius (=10.0000000) will 
lie $he Log. Veifed-fine r^wredt 



Frop. I. Havimg two Jides af a fpbiric 
Triangle^ with the angle between 
them, to find the third fid^. 

Add the Log. Verfed-fine of the 
Contaiir'd angle, and ,the Log-fines of 
the two Sides together; ^he fum (abat- 
ing twice the Radius) is the Logarithm 
of a number to be fcoind^ and added 
to the natural Yerfed-fine of die dif- 
ference of the two given i^des, the 
(iim .will he Ae natural Vecfed-finc of 
the third ffde fought* 



Example i. In the Triangle SZP, 
{Fig. 4.) having the fide P Z 38 ihg. 
30 nun. PS 70 deg. and the single 
Z P S 31 deg. 34 min. 26 fee. to imd 
the fide ;ZS: 

9. 1 703625 Log.Ver. fineZPS ji^ 54' 26'' 
9.794 1 496 Log. fine of the fide PZ 38^ 30' 
9.9729858 Log. fmcofthefidcPS 70' 



8.9374979 Lo^. of the number. 865^960 
Nat. Vcr.fiiie diff.of fides 3 1 ^ 30 ^ I473,s98i 

NaL Ver. fine of fide ZS 40^ . 2339,558 

Example 2, In the Triande S Z.P 
(Fig. 4.) having the fide Px 38 deg. 
y)min. ZS 4.0 3tg. and the angle SZP 
^30 deg. ^min. 12/ to find the fide 

The angle VZP is the fupplcflnent 
of SZP, 

9.5520590 Log.Vcr.fineVZP4g^56'4S^^ 
9.7941496 Log.fineofthefiderZ 38^ 30^^ 
9.8080675 Log, fine of the fide 2<S 40* 



0.1542761 Log, of the number 1426,51^ 
Nat. Ver. fine of fun^ of the ? « ^ 
two given fides 78° 30' % »ooo.3^' 

Nat. Ver. fine of the fide PS 70^ 6579,807 

Example 3. In the Triangle LPN 

(^V^ SO *>»ving the fide LP 84 deg. 

133 ^*' PN 84 ^<f^. 27 msM. and the 

^' angle LPN 106 deg ^ 4$min^ to find 

the fide LN. 

The fupplement of LPN is 73 degf 
i^min. 



Or when the contained angle is a- 
bove 90 degrees, add the Log. Verfed* 
line of it's fupplement, and the Log- 
fine of the two fides together; the fum 
(abating twice the Radi^») is the Lo- 
sarithih of a number to be found, an4 
uibtraded from the natural Vericd-fme 
of the film of the two given fides, the 
remainder will be ibc natural Ver^- 
fine of {he third fide fou^t^ 



9,8523603 Log. Ver. fine of 73O 15/ 

9.9980323 Log, fine of LP 84^ 33' 
9.9979593 J Log. fine of PN 84^ 27' 

9.(1483 s; 19 Log. of the number 7P5 2,643 
Nat. Ver. fine V+^N 169 ^ 19816,272 

Nat. Ver. fine of LN iq6° i,,,^^ /r,^ 
2'35.7//0ipfidereqd. \'^7^^^^^9 

This Propofition may be very ufeful 
in finding tlic diiUoccs pf places on 



Of the Ver Jed' fines. 

(he Earth, whoib Longitodes md Ls- 
dmdes are known ; the diftances of 
Stars, whofe declinations and right 
afceniions, or Longitudes and Lati- 
tudes are' known ; and confequently 
the. altitudes, or common altitude of 
two Stars, or two altitudes of the Sun, 
and time between the obfervations, or 
difference of azimuth being taken. 
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Prop. II. Haobqi two augks i^ajphe" 
ric TriangUy and tbi fide htwnn 
tbemy to find the third angU^ 



Let the angles be changed into fides, 
and the fide into an ang^ $ then do as 
m the fornler PrQ|K)fition, and the 
refult will be the lupplement of (he 
third angle ; but if one of the given 



the Latitude oi the Place may readily angles exceed 90 degrees, take its 
be found j/upplemeat,. asd the jpefult' will be4ke 

third angle. 



CHAP. IX. 

Of the Tabk of Difference (f Latitude and Departure^ or 

"Xra^erfi TABLE. 



THIS Table is in this <^ition 
fo centnved) as to have the 
whole in one view, and the 
double column iot jo, or 100 miles 
added to it, and is ib plainly tided as 
to want Jitde or no explication. 

The Diftances f 9 2, 3, at the top 
and bottom majr be acsconnted roj 
20, 30, faTr. and the 10, 100, if the 
minutes of Latitude and Departure 
anfwerijig. to the Courfe be increafed 
in the fame proportion ; fo that if the 
diibuice coxififis of two fignifxcant fi- 
gures, the difiereace of La^titude, and 
the Departure, is each to be taken 
out at tflrie^ and if of three figures 
at thrice* 

The chief defign of this Table is 
for the veadiy and exa£t working of 
Traveclea;. but it may alio be applied 
to the fektion of the fevcral Gafes of 
Plain Sailing. 

Prop. L Moving the Cotrfg snd 
DiftaneCy to find Hi dtffiunce of 
Latitude andDepartun. 

Seek the CMrfe on the Left-hand of ■ 
both pages downwards^ if lefs than J 



four points, or 45 degrees ; er if greaN 
er, on the right-hand upwards, and 
even with it in the double column, 
%n\} at the top sod bottoni with the 
diftance, is found both the difference 

Af T ntittiAt an^ftlitf iDMfiA»iHM» 

Example i. A Ship fails S.S.W. 
4 W. 37 miles ; the difference of 
Latitude, and the Departure are re- 
quired. 

Find the Coirfe 2 1 points en the 
left-hand fide of each page, and even 
With it in the double columns fign'd 
3, and 7, the two figures of the 
diftance, the difference of Latitude for 
30 is 45.732, and for 7 is 6.004 ; 
the ikm is 31.736 for the whole dif- 
ference of LatiCude; and the Depar- 
partoe for 30 is 15^.23,. and for 7 
is 2*9999 the fum is 29.022 for the 
whole L)eparture. 



Dif. Lat. 
. . 25.732 . 
6.004 • 




• « 




37 miles 31.736 



» 19.022 
Example 



40 



Of the Traverfe Table. 



Example t. A Ship fails S.E. 49 
degrees 148 miles ; the difference of 
latitude) and the Departure are re- 
fttired. 

Find the Courfe 49 degrees on the 
fight-hand fide of each page» and 
tven with it in the double columns 
fign'd 1O9 49 and 8, the difference of 
lutitude at 100 miles is 65.606, at 
40 is 26,2425 and at 8 is 5.248, the 
film is 07.096 {(ft the whole diffe* 
rence of Latitude ; and the Departure 
at 100 miles is ^5*47 < 9 ^^ 4<> i^ 
33a88, and at 8 is 6.038, the fum 
u 111.697 for the whole Departure. 
Thusy 



JOO • 

1: 



Dtjf. Lau 

• 65.606 . 

• 26.242 , 

• 5.248 . 



jr48 miles 97.096 



Depart, 

• 75-471 
30.188 

6.038 
111.697 



Prop. II. Having feveral Courfes iirJd 
Dijiances^ to find the difference of 
Latitude^ and the Departure. 

Make a Table in the following 
manner, and put therein each Courfe 
and Diftancei then find the difference 
of Latitude, and Departure to each 
Courfe by the preceding, and place 
them in the proper column ; the diffe- 
rence of the fums of the northings 
and fouthings, is the whole difference 
of Latitude ; and the difference of 
the fums of the eaftings and weftingi, 
is the whole Departure. 

Example. A £hip from the Lati- 
tude of 50 degrees North, firils ac- 
cording to the Courfes and Diftances 
fet in the Traverfe Table, the diffe- 
rence Of Latitude, and the Departure 
are found at the bottom. 



ne Traverfe T A B L E. 


Covrfes 


Dift- Diff. of Lat. 


DepaRure 1 


Miles 


North 


South 


Eaft 


Weft 


S.S.E. i E. 

S.E. 1 E. 

S. by W. i W. 

S.48»W. 

N. 8s» W. 

S. 40» W. 


It 

108 

112 

11 


6.101 


69.671 

54SS7 
101.687 

74.942 
64.348 


37.241 
66^79 


36-384 
83.231 

69.734 
53-994 


• 


6.101 


365.205 
6.101 


103.720 


»43-343 
103.720 






DiiF. Ut. 


359-104 


Dq>art. 


139.623 



Thk 



This Propofition may be applied 
in the furveying of large tra^ of 
Land, as a Cfiunty, l^c. and was 
made ufe of by Mr. Norwood in his 
mcafuring the diftance from Tork to 
London^ as the road led him» aod 
obferving the feveral bearings by his 
Circumferentor, and finding by fuch 
a Table his feveral diiFereoces of 
Latitude, and Departures, whereby 
he obtained the diftance between the 
Parallels of London and Tort pretty 
near the truth, fo long ago as the 
year 2635, as may be feen in the 
Seanua^i Praiiice^ fince reprinted 
for /K kj. Mount, T. Pago ic Son, 
on Towtr^iliB : But if thofe Bearings 
bad been taken by the limb of. a 
modern Thedolite, and lengths all 
meafured, according to the method 
Z have Ibewn in my Pra^ical Sur- 
Viying Improvtdy it is to be believed, 
that the diftances between the ?aral- 
lels of London and Tork would have 
been had much truer; for it is al- 
lovi^ed, that the Needle is not in all 
places paraUel, and even in (maU 
Surveys at Land various, and not 
to be trufied to; whereas if the 
Cceleflial Obfervation could be de- 



Of the Traverfe Taile: ^ 41 

the intermediates of each line firft 
plotted, whereby twery ftation may 
be more truly placed than by any 
other method that I know of: The 
diftances in the Table may be Chains 
of 66, or 100 feet, as well as miles, 
or any other meafure, that the diffe- 
rences of Latitude, and DepartureSj^ 
would be had in. 



Prop. IIL Having the differonce of 
Latitude and the Departure^ to find 
the Courfe and Dijiance^ 

Seek the given difference of LatU 
tude and Departure taken together 
in their columns, or the neareft: 
numbers to them, and the Courfe 
is even therewith at the fide, and; 
the diftance at the tof^ and bottom : 
But if the given difference of Lati- 
tude and Departure cannot, be found 
nearly, take iy ^, ^c part,, (or any 
eiqual muktglej' of them that can be 
found i then' the Courfe is even with 
them at th^ fide, add (iich a part 
of the diftance as was taken of the 
difference of Latitude and Depasture^ 
at the top and bottom. 



Example t. Given the difference 
of Latitude 59 miles S. and the 
Departure 68 miles W. the Courfe 



pended upon equal to that lately 

taken at the Polar Circle, I am apt 

to believe, that by meafuring with 

a fbong Chain, and the care there | and Diftance are required. 

prefcribed, fo large an arc of the 

meridian as the diftance of the Pa- 

raOds of Lanim and Tork, the length 

of Ae arc of a degree in thefe 

parts mig^t be obtained, as near 

the trutb9 ^ ^^ was had at the Polar 

Circle. 



AUb in plotting the Survey of a 

County thus taken, the circuit ftation 

lines (though confifting of many 

hundrnis) may be reduced to a few 

£ar the firft clofing, and the like fot 



In the double column oyer 9 even 
with 49 degrees at the right-hand 
fide, is found together the given dif- 
ference of Latitude and Departure ; 
therefore the Courfe is 49 deg. S«W. 
and the diftance 90 miles. 



Example 2. Given the difference 
of Latitudes %o miles N. and the 
Departure 18 miles £. the Courfe 
and Diftance are required. 

G Here 



)^:z Of the Trawrfe Table. 

Here the given difference of Lati 1 In the column flgn'd Lat. over 16 
tudes and Departure, or any num- 1 at the bottom, even ^with 47^ at tht 
bcrs near them, are not to be found 



together in the Table, therefore tak- 
ing ^ or the double of each, the 
Courfe is found to be 3ldci* N.E. 
and the diftance 35 miles. 

Notej A table computed to every 
mile in the, diftance up to 100 
miles, would more readily folvc this 
example. 

Prop. IV. Having ihi Departun and 
mlddU Latitude J t9 find the diffe- 
rence of Longitude^ (according te the 
Method ufed bj W. Jones, Efq; 

F.R.S.) 

Seek the given Departure, or the 
next Icfe number, in the columns 
jfign'd Lat. even with the given 
itiiddle Latitude found ajnong the 
Courfes, and at the top and bottom 



right«hand fide, is 6.8200 ; therefore 
fubduding 68.200 from 112.53, the 
remainder is 44-33, ^^^ ^^^^ ^ i* 
4.0920, and 40.92 fubdu£led from 
44*33 J^^vc^ 3*4^9 which is found 
over 5 ; wherefore the difference of 
Longitude is 165 miles Weft. 

If the middle Latitude is not an 
even-^legree, but has odd minutes^ 
find the difference of Longitude for 
the even degrees next lefs and greater^ 
and add a proportional part of the 
difference between the two refults to 
the leffer, the fum will be the differ 
rence of Longitude fought. 

Suppofe the middle Latitude in ihe 
laft Example had been 47^ ^0^ N. 
then after finding the difference of 
Longitude as before for 47 degrees % 
find it alfo for 48 degrees, which is 
168 miles, then \ of the diflfereoce 



ffign'd with Dift.) is the difference ' being added to the former, gives the 
of Longitude fought, which if not difference of Longitude 166 mile* 
found dircaiy at once,^ may be taken Weft, 
cut at tvipce or thrice. 

Example I. Being yefterday noon 
in the LatUudc of if 17' f)?- and 
this day noon in 38^ 43' N* and 
by the Table the Departure is found 
70.921 E. the difference of Longi- 
fttde issfequircd. 

In the column figtfd Lat under 
e, even with 38^ the middle Lati- 
tude, is found 7.0921 5 therefore 90 
miles is the difference etf Loi)gttude 
(ought. 

Exdntpk *. Being yefterday noon 
in Latitude 46* 25' N. and this day 
at noon in 47*> 35' N- ^ ^ *^ 
middle Latitude is 47" N. and tfie 
Departure is found 112.53 miles W, 
required the difference of Longitude ? 



Note^ Though this method is 
in all cafes near the truths yet (if 
the miles . are geographical) is fuf^ 
ficiently near for daily pradtce in 
any Voyage* as well as eaiy, ^nd 
very expeditious. 

Prop. V. Having tie ZaiitMdes and 
Longitudes of two Places^ to find tbi 
Bearing and Diftanco. 

Seek the complement of the mid* 
die Latitude among the degrees^ and 
the difference of Longitude in minutes 
among the diftances, the Departure 
anfwering is found in its proper 
column s then with the difference of 
Latitudes, and Departure, find their 
Bearing (or Courfe) and diftance by 

the ^d. 

Example 



Of the 7raverfe Table. 



4J 



Exmnpti. Let the Lizard be given 
in the Latitude of 49^ 50' N. and 
5« 21' W, Longitude, and Cape 
Orugal in the Latitude of 44® 10^ 
N. and 7* 43' W. Longitude, to 
find the fiearing and diftance. 

The difference of Longitude is 
142 minutes, and in ^ the columns 
figned Dep. under 10, 4, and 2, 
CTcn with 4 J deg. the co - middle 



Latitude, are found 6.820O, 2.7280 
and 1.3640, then increafing the two 
former as before (hewn, their fum 
is 96.844 miles W« for the Depar* 
ture, and the Bearing, or Coorfe 
anfwering to 340 miles diflFerence 
of Latitude, with 96.844 Departure 
is found about . ib dig. S.W. and 
the diftance about 354 Miles. 



wtmmm^ 
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C H A P. X. 

Q/^Mercator's Sailing: 



IN this collcftion of Tables, we fliould by no means have omic- 
ted that moft necefl&ry one of the Meridional Parts, defign'd 
for the fcrvice of Navigators, if its ufes were not fully fupply'd 
by the Table of logarithmic tangents : As is demonftrated ia 
N? 219 of tht PBilo/opbical Tr an f anions. It is there proved, ift^ 
That the Meridional -line, or icale of Mercator's-Cbartj is a Scale 
of the logarithm-tangents of the half complements of the Latitudes* 
zJfyy That fuch logarithm-tangents of Mr. ,Briggs'% form, are a 
fcalc of the di£Ferencq3 of Longitude, upon the rumb which makes 
an angle of 51"* 38' 9'^ with the Meridian. And ^dfy^ That the 
difierences of Longitude, on differing rumbs, are to one another* 
u the tangent of the angles of thofe rumbs with the Meridian, 

Hence it follows, that the difference of the logarithm-tangents 
of the half Complements of the Latitudes, is to the difference of 
Lon^tude a Ship makes in failing on anv rumb from the one 
Latitude to the other, as the tangent of 5.1 38' g'^ (whofe bga* 
rithm is 10.1015104) to the tangent of the angle of the xumb 
or coutie with the Meridian ; fo that, 

L If two Latitudes, and the difference pf Longitude be given* 
die courfe and diftance arc readily determined by this Rule. 

Take (by help of the Tables) the difference pf the logarithm- 
tangjents of the half complements of the Latitudes, efteeming the 
laft three figures to be a decimal fra&ion ; and add the comple** 
ment of its logarithm to the logarithm of the difference of Lon* 
ftitudc reduced to minutes, ^d the conftaac log. x.Q«XQi.^i04t 

Ga tht 



46 Of Mercator*j SaiSt^, 

O ^ it be thot^ht ealier, rrhen one Latitude is North, and 
die other South, you may add 90 degrees to each of them, the futn 
of the logarithm-tangents of their halves (abating twice the radius) 
will be the fame as the difference of the logarithm-tangents of the 
f<»-mer. For an czaoiple take the fame Latitudes as in cbe pre- 
ceding. 

Tten 9o»+ i '♦" S6'='04' $6' J le, half 5 S«' »»' • • f- 1». iOH^Gs 

' ^115 45=105 45 J'*'™'ls2 5ijr..L.taa. 10.120915; 

TKe JiuR (abatiiig twice the ndiiu) cqnal to the fonnec diSereace . . . 2354.1x0 

AMb when botji Latitudes are of the fame name, (that is both 
Korch, or both ^bbth) you may add 90 degrees to each of them, 
the difference (/ the logarithm-tangents of half thefe fums will be 
the fame as ai the logarithm-tangents of half the complements of 
ihofe Laticucfes. 



( ^ ) 
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LOGARITHMS, 

THEIR 

Invention and Ufe. 

Tie XUtb Cbaffer tf that excelknt Trcatifc of Algebra j 
written iy the late Rev&end and Learned Dn John Wallis, 
Saviliaa PnfeJ^ of Geometry in the Univerfity of Oxford^ 
and Felhto if the Royal Society in London. 

Logarithm^ Were firft of all invented and contrived ^without 
the Example of any before him, that I know of) by Jebn 
Neper^ Baron of Mercbijlon ia Scotland ; and by him flrft 
publifhed zt Edenburgb, in the year 1 614 -, and foon after 
by faifliielf with the afliftance of Henry Briggs^ Profcflbr df Geome- 
try, {'firft at London in Grejham-Colkge^ and afterwards at Oxford) 
reduced t5o a better ^'orm, and perfefted. 

The Invention was greedily embraced "ta^,d defervedly ) by the 
Learned ill dl6 Mathematics. 

Mr. BriggSj upon the firft publication of it, was To pleafed with 
it, that he prefently repaired into Scotland^ to confult the Author, 
advife wkh him, and be afliftant to him, in the perfedling of it, 
and in calculating Tables for it 5 which ,was a Work of great 
labour and fubtilty. 

And it was quickly taken and promoted abroad by Benjamin 
Vrjtnus^ Jehn Ktpkr^ Adrian Ulacq^ Petrus Crugerus^ and others. 

And M home by Henry Gellibrand^ who compleated and pub- 
lifhed the Trigonometria Britannica^ which Mr. Briggs' had begiln, 
and far carried on, but dying left imperfect. 

So that, in a fhort time, it became generally known, and greatly 
efteem'd in all Parts, as of unfpeakable Advantage 5 cfpeciSly for 
cafe and expedition in Trigonometrical Calculations. 

■ H The 



2 Dr. Wallis of Logarithms, 

The Foundation of it is this : 
r If to a Rank of continual Proportionals in a geometrical Pro- 
greffion from i ; 

as I. 2. 4. 8. 16. 32. 64. 6?r. 

We accQpimodate a Rank of Exponents in an arithmetical 
Progreffion, from o ; 

as o. I. 2. 3. 4. 5. 6. (^c. 

It is manifeft, that for every multiplication or divifion of 
thofe Terms one by another, there may be an anfwerable addition 
or fubduftion of the Exponents. 

For, as in the Terms, 4 multiplied by 8 makes 32 ; fo in 
the Exponents, if to 2 we add 3, it makes 5 ; and as 32 divided 
by 8, gives 4 ; fo if from 5 we fubduft 3, there remains 2 : And 
fo every where. « 

Tertjts I. 2. 4, 8. i5. 32. 64. 

Exponents o. i. ' 2. 3. 4. 5. 6. 
4x8 = 34. ^ z=4. 

2+3= 5. 5—3=2. . 

And the fame holds, if between any two of thofe Terms, we 
interpofe one or more Means proportional ; and between their 
Exponents, as many arithmetical Means. 

As if between 4 and 8 (or between 2 and 1 6) we interpofe a 
Mean proportional ^ 32; that is 4 -• 2 ; and between 2 and 3 
(or I and 4) an arithmetical Mean, 2 | ; then as 4 ^ 2 multi- 
plied by 8 makes 32 ^ 2, a Mean proportional between 32 and 
64 -, fo adding their Exponents 2 i and 3, giakes 5 |, an arith- 
metical Mean between 5 ^nd 6 : And fo every where. 

And univerfally, whatfoever be the Values of r and e 5 fuppofin^ 
*TheTermSy i. r. rr. nrr. r^. r^ r^, fsfr. ^ 

Exponents, o. e. le. ge. 4^. •5^, 6e. (sfc. 

^beny as rr y^rKzzr\ tind rr ^ ry^rrr.zzr^ ^ n 
fo 2^3^.=5^, and2i^+ 3^=51^- 

And fo every where, whether the Number e be pofitive or nega- 
tive, that is, whether the Logarithm proceeds by increafe *or de- 
creafe : And confequently whatfoever Mean proportional we 
interpofe between thofe Terms; if we alfo interpofe between 
their Exponents, a like arithmetical^Mean, as that is a proporti- 
onal Mean ; as if that be jhe firft or fecond of two Means propor- 
tional, this accordingly the firft or fecond of two Means arith- 
metical ; if that the fecond of five Means proportional, this the 
fecond of ^ manv arithmetical Means, (:fc. Then every addition 
.Qf fubduftion or thefe one with another, will anfwer to a like 
muUiplication or divifion of thofe. ' ^nd 



tbeir Invention and Ufc» ^ 

And if for o, ^, 2^, 3^, &c. (taking ^=1^ we put o, r, 2, 
3, &c, then doth this Exponent always give, us the Number of 
rations or dimenfions in the Term to which it belongs ; 

!• r. rr. r^. » r*. r^. r^. 6fr. 
o. I. 2 3. 4. 5. 6. t?f. 

As 3 in r^, 6 in r^, and fo every where ; or ihews. How many 
fold (quam rndtipUcata) the Proportion (for Inftance^ of r^ to i, 
is of r to I ; that is, how many rations or proportions of r to i^ 
arc compounded in r^ to i, to wit, 6; To which the Name 
Logaritbtnus fitly anfwers ; that is, hiynv ^piif^U the Number of 
Proportions fo compounded. 

Now this Foundation being laid, their defign in the Logarithms 
is this ; Having fcleded (as moft convenient^ a Rank of continual 
Proportionals, is a decuple Progreffion ; to wit, 

I. 10. i.oo, 1000. 1 0000. * looooo, 1 000000. tScl 

They fit hereunto, as their Exponents, in arifbmetical Progreffion^ 
o. 1. 2. 3. 4^ 5. 6. ^c. 

(Confcquently, the Logarithm -of any Fraftion lefs than i," 
is to be a negative Number.) And then for each of the Numbers 
interpos'd between i and 10, as 2, 3, 4, ^c. between 10 and 
100, as'ii, 12, 13, fcfr. and fo of the reft; they feek out (between 
and I, between i and 2, fc?f.) an Exponent (to be exprefs'd 
in decimal Partsj which is fuch a Mean arithmetical, as the other 
is a Mean proportional. 

And thcfe Exponents they call Logarithms^ which are artificial 
Numbers, lb anfwering to the natural Numbers, as that tl^ 
addition and fubdudtion of thefe, anfwer to the multiplication 
and divifion ef the natural Numbers. 

By this means, fthe Tables being once made^ the work of 
multiplication and divifion is perform'd by addition and fubdu6lion ; 
and confequently that of fquaring and cubing, by duplation and 
triplation ; and that of extrading the Square and Cube Root, 
hj bifedion and trifeftion : and the like in higher Powers. 

Of thefe X-ogarithms we have printed Tables, for all Nunibers 
as far as one hundred thoufand: So that, if any two Numbers 
(not exceeding 100,000) be proposed to be multiplied or di- 
vided one by the other, the Logarithms of thofe Numbers Cto 
be found in thofe printed Tables^ being accordingly added or 
iubdu£tcd» will give the Logarithm of that natural Number ^to 

Hz be 




4 Dr. WaHis of Logarithms^ 

be found al{b in th ole Tables) which is the Produft or Quotient of 
fuch multiplication or divifion; and the double or treble of 
fuch Logarithm, is the Logarithm of its Square or Cube ; and 
the half, or third part of it^ is the Logarithm of its Square or 
Cube Root ; and the like of higher Powers, which in large 
Number^ is matter of great Expedition. 

And (becaufe a main End of their Defign^ was to facilitate 
aftronomical and other trigonometrical Calculations) befides the 
Logafithms for Numbers in their natural order, we have alfo 
Tables of artificial or logarithmical Sines^ Taygents^ and Secofifs \ 
the addition and fub^udion of which, anfwer^ to the nniltiplication 
and divifion of the natural Sines ^ Tangents^ and Secants \^ which is 
a very compendious Advantage for ^cpeditiog fuch Qalculations : 
and is not jjefs accurate than the operation: by Tables of neural 
Sines, tangents, and Secants. 

Q Thus in a plain Triangle; fuppofing 

the Angles given, A 60 degrees^ B, 50 
. degrees, and (confequently, C 70 de- 
grees) and the Side AB 3132^3 paces \ 
tor finding the Sides AC, or.BC, we 
j^ have this Proportion. 

* As the Sine of C, 70 degrees^ —39396926 
to the Sine of B^ 50 dcgrBes^ — 9-=:766o444 
fo is the Side AB, — ^ ' . ■ . ' . = 3>3^3 paces. 

to the Side AC, » ' ' = 25535-^<k«j. 

For finding wHkh, we- are to- multiply y 66044^. by 31323, 
and then to divide the Produdt by ^3^6^26 j which gives for 
the Side AG almoft 2553 5 paces. 

And, as the Sine of C* 70 degrcessipspSpaS 
to the Sine of A, 60 degrees — »'=:866o254 
fo is the Side AB, ■ ■■ =1 31323 .patet,. 

to the Side BC, '■ = 28867! paces. 

For finding which we are to multiply 8660254 by, 31323, 
and to divide the Produft by 9396926, which, gives for the 
Side BC, 288671 paces ^«*W. 

Now (to prevent thefe tetfious multiplications ana divifions) 
by Logarithms, we proceed thus ; 

Log. Sine C, 70 degrees— 9.9729858 cr, Ar. Co. 0.0470142 

Log. Sine B, 50 degrcesrf 9.8842540 9.8842540 

i Log. AB, Num. 31323+4^4258634 4-4958633 

Log. AC, Num. 25535==4-407«3i5 ^4-407»3»5 

^ Where 



tbeir Itvoentkn and XJfe. 5 

Where fubduftirig the firft Logarithm from the Sum of the fe- 
cond and thirds (or adding the arithmetical Complement of the 
firft Logarithm to the lecond and third, fubduding the Radius) 
gives the fourth ; wiiicb (the. Table tells us) anfwers to the Num* 
bcr 25535, /iT^ • ^^ many paces therefore is the Side AC Again, 

Log. Sine C, 70 degrees,— 9.9729858 cr^ Ar. Co. 0.0270142 
Log* S'me A, 60 degrees, + 9*9^37 S2o6 9-937 S3<^^ 

Log. AB, Num. 31323 + 4-49 58633 44950633 

Log. BC, Num. 28867l> =:: 4.4604081 /4.4604081 

Where either fubdo&ing, or adding, as in the former, g^vcs the 
fourth ; which anfwers to the Number 28867! promme : So many 
faces therefore' is the Side BC which operations are much more 
expeditious, than multiplying and dividing (uch larg^ Numbers. 

And in like manner, in fpnerical Triangles, fave that there all 
the Logarithms are to be taken out of the Tables of Sines^ Tan- 
gents and Secants *, whicih, in this Example, are taken partly from 
thence, and partly from the Table of Numbers ; bqt the Expedi^ . 
tioivis alike in both. 

This was firft publUhed by the Lord Neper (the firft Inventor of 
them J in the year 1614, under the Title oi Mirificus Ldgaritbt/wrtm 
Cancn^ with its Defcrq)tion and Ufe •, but referying the manner 
of con/lmdldn, and its demonftration^ to be after publifhed ; this 
being but an EJp^^ fet forth, to fee the Judgment, of learned Men 
concerning this Defign, and how it was like to be received. 

In this, we have a Canon or Table of natural and logarith-^ 
mical Sinesj for each degree and minute of the Quadrant. 

And whereas it was at his choice to give to what Number he 
pleafed the Logarithm o, and whether to proceed by way of io- 
creafe or decreafe, he.chofe to make o the Logarithm of the 
whole Sine looooooo, that ib the multiplication or divifion by 
the whole Sine (ffequent in trigonometrical Calculation) might 
be difpatch*d without trouble, requiring here but the, addition or 
fubduftion of o. 

And becaufe the Ufe of the Sines and Numbers, lefs than the 
Radius or whole Sine, were likely to be of more frequent ufe, 
than of Tangents, Secants, and other Numbers greater than 
the Radius, he chofe to give to thofe lefler Numbers affirmative 
Logarithms (increafing the Logarithms from o, as the Sines 
decreafe) which he calls jibundantes ; and cpnfequently the nega- 
tive Logarithms (which Jj>e calls LefiStives) to greater Numbers ; 
dcfigping thofe by -H, thefe by — . 

And by this means, he direfts how this Table of Sines with 
the Differences there infericd) m^y fervq alfo for a Table of 

^augent$ 
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^aj^ents and of Secants ; So chat this Canon, is a compleat Canon 
of natural Sines^ and of kgaritbmical Sines\ Tangents^ and Secants : 
He ihews al(b how this Table may be appli^ to the Logarithms 
of abfolute Numbers, but becaufe with fomc trouble, he refervcs 
the fuller account hereof to a farther Treatife, 

In the year 1619, the Lord iV^^ being then dead, the fame 
was again publiflicd by his Son Robert Neper ; with fome poft,- 
humous Treatifes of hi3 Father, condernfng the Conftrudion of 
this logarithmical Canon, and his defign (after communication 
had with Mr. Briggs) of changing the form of Logarithms, 
making o to be the Logarithm of i, (of which he had before 
given notice in the Preface to his Rabdologiay publiftied in the 
year 1617 ;) and concerning fome things pertaining to Trigo- 
nometry ; with fome Lucubrations of Mr, Briggs*s on the fame 
Subje6t. 

But the Lord N'eper being dead, the whole Work wa^ devolved 
on Mr. BriggSy who {"according to their joint advice) making 
the Logarithm of i to be o, and of. 10, xoo, 1000, (i?r. to be 
i» 2j 3> ^c* which he calls Indices ^ or CbaraHerifticksy and which 
we may repute as integer Numbers, with fourteen ciphers an- 
nexed, which we may repute as fo m^ny places of decimal Frafti- 
ons, below the place of Units, or of the Charadteriftick : And 
between the(e he fits the intermediate Logarithms for the in- 
termediate Numbers. 

And confequent to the Logarithm of 1 being o, the Logarithms 
of Fraftions lefs than i, or of Numbers intermediate between i 
and o, muft be negative Numbers, or Numbers lefs than o, 
(which he calls defeftive Logarithms) denoted by — (the Note 
of Negation) prefixed. 

Now thefe defeftive Logarithms may be two ways exprefled ; 
cither fo as that the Note of Negation fliall affedt the whole 
Logarithm, or fo as to affeft only the Char^fteriftick, leaving 
the reft of the Logarithm to be underftood as af&rmative. 

As for Example, the Fraftion J, or (which is equivalent) 
0.375 : This Fraftion fuppofeth the Numerator 3 to be divided 
by the Denominator 8, which in Loga- 
rithms is to be performed by fubtrafting Log. 3. 0.4771 213 
the Logarithm of 8, from that of 3, and Log. 8. 0.9030900 

the Remainder will be the Logarithm of Log. |.— 0.42596^7. 
i, which will then be the negative Num- 
ber, — 0.4259687. 

Or thus, for as . much as the Logarithm of 375, Cfuppofing 
it to be an integer Number) is 2.5740313 ; and the depreffing 
this to the firft, iecond, third, or farther place of decirnal 
Fraflions, doih (without altering the Figures) divide tlic Value 

by 
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by 10, roo, 1000, 6?r. which in Logarithms is done by fub- 
trafting I, 2, 3, £s?^. from the Charaftenftick, or place of In- 
tegers; I, 2, 3, fc?r. in that place, 

being the Logarithms of 10, 100, Log. of 3750 is 3.5740313 
1000, €s?c. fuch Alteration of the Log. 375 2.5740313 
Value (the Figures remaining^ is Log. 375 1.5740313 
done by only altering the Charafte- Log. 3.75 05740313 
riftick of the Logarithm, without Log. 0.375 T.5740313 

varying the other Figures, in this Log. 0.0375 2.5740313 
manner ; where the mark — is put over to diftinguifli it from the 
former. 

Which two Forms, tho' they feem different, and fomc may 
rather choofe the one, fome the other ; or in fome cafes the 
one, and in fome cafes the other ; yet they are in Subftance or 
Value the fame : 

For — 1 . 0000000 

+ 0-57403 r^ 

isz: — 0.4259687 

And every one is left to his liberty, whether of the two ways 
(or what other equivalent thereunto) he fhall pleafe to ufe. 

In this method Mr. BriggSy hath calculated a Table of Loga- 
rithms, (pubJi/hcd in, the year 1624) for 20 Chiliads of ablb- 
lute Numbers, from i to 20,000; and again for 10 more from 
90,000 to 100,000, and one ChOiad fupernumerary, to wit, 
from 100,000 to 101,000; that is 31 Chiliads in all ; before 
which is prefix*d, a large account of the Nature and ConftrudUon 
of this logarithmical Canon, and the Uies thereof ; with Qi- 
re&ion how to fupf>ly the intermediate Chiliads, which are here 
wanting : The whole intitled, Arithmetica Logaritbmica. 

The fame was again publifli'd in 1628, by Adrian Vlacq (or 
TUuky with a Supplement (as Mr,, Briggs had direfted) of the 
Chiliads before omitted; that is, in al(, of 100 Chiliads, with 
one fupernumerary ; but in (horter Numbet extended but to 
10 place's, befides thqt of the Integers, or the Charafteriftick : 
And he fubjoins alfo a logarithmical Canon of Sines y Tangent s^ 
and Secants for degrees and minutes of the Quadrant to as many 
places. 

Mr. Briggs proceeded to calculate a trigonometrical Canon 
logarithmical, fuited to that of the Logarithms for abfolute 
Numbers, extending (as in that other) to 14 places, befides the 
Charafteriftick ; And having before calculated a Table of na- 
Sural Sinesy Tangents and Secants for degrees and centefmes of 
degrees in Numbers extending to 15 places, he \fitted jthere- 
unto a Canon of logarithmical Sines and Tangents (omitting the 

Secants 
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Btcants as Icfs necdfuU^ and a Treatifc prefixed, cbnccrning the 
Conftruftion thereof, with other things pertinent thereunto \ and 
intended a farther Treatifc concerning tht Ufe of it. 

But dyinjg before this iaft was finilhed, or the reft puUiflied, 
Mr. Henry GiUiirund fupplied this latter, and puWilhed the Whole, 
with the Title of Trtgmometria Brttamica^ in the ^ear 1633 : 
To which is fubjoined another Canon of hgaritbr/Ucal Sines and 
TangentSj by JdriaH Vlacq^ for degrees, minutes, and tentfc f«* 
conds, extendmg ("as hit former did) to 10 places, befides the 
Chan^eriftick i and Mr. Briggs"^ 20 Chiliads for Logarithms of 
abfoiute Numbers. 

So that the whole Dodrine of Logarithms was by this time 
fufficiently perfected, with convenient Canons or Tables fitted 
thereunto, in large Numbers \ of which alfo Petrus Cntgerus 
gives an account in the Preface to his Trigvmmetria Logaritlmica^ 
printed in the year 16345 with his logarithmical Table, but in 
fliorter Numbers. 

And the Tables of Logarithms above-mentioned, (for 100 Chi* 
liads of abfoiute Numbers, and for Sines and Tangents to de-* 
grees and ccntefmes) wefc the fame year 1633, contrafled into 
a leffer Form, and more manageable (but in fliorter Numbers, 
the former not entending to above 7 olaces, befides the Charac- 
teriftick, but the latter to icO by Nathaniel Roe i with Dire6i:ions 
for the Ufe of them in Trigonometry, Geometry, Aftronomy, 
Geography, and Navigation, by Edmund ff^ngdte. 

In the mean time, Benjamin Urfinus did alfo publifti Tables of 
Logarithms, in the year 161 8 ;. and again in the year 1625, in 
his Trigonometria \ znd Johannes Keplerus alfo in the year 1624, 
in his Chilias Logarithmorum which he applies alfo to his Rudol- 
pbine Tables ^ publiflied tn 1627 ; and Claudius Batfcbius about the 
fame time, or foon after; and Cetfrgius Ludovicus Ffoienius^ in 
the year 1634, and perhaps fome others : But all or moft of 
them, in ftiort Numbers ; and conformable to the Lord Neper^s 
firft Defign -, not to that Form which, upon fccond thoughts, 
he and Mr. Briggs agreed upon as moft eligible, and which hath 
fince beci> received in common praftife. 

Since which time, much hath not been added to the Dodtrinc 
of Logarithms *, nor was it neceffary, that Work having obtained 
fufficient perfection. 

But in cafe Logarithms, on any emergent occftHon, be defired 
/With greater exaAnefs, aftd in larger Numbers than thofe printed 
Tables do afford i Mr. Nicholas Mercatory in a fmall Treatifc called 
Logarttbmotecbfuaj and Mr. James Gregory In his Exercitafiones 
Geometricdgj both printed in the year 1668, fliew (with great fubtilty) 
how it may be effeftedi in Numbers of whatfoever length required, 
with much more tafe than heretofore. Thofe 
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Thofe that would fee more of the Conftrudtion and Ufe of 
Logarithms, may confult the fore-mentioned Authors, efpeciaUy 
Briggs*s Aritbmetica Logaritbmica^ and the Trigonometria ^ritan^ 
rnca of Briggs and Gellibrand ; as alfo what Adrian Flacq and 
Peter Crugerus have writ upon this Subjedl. 

But I (hall add, that by Logarithms may very expcditioufly be 
folv'd all Cafes of compound Intereft, (Examples of which follow 
the Tables)' znd that known Queftion about the continual doubling 
of an Unit, which is frequently propofcd of a Horfe to be fold 
according to the number of nails in his fhoes : For fetting the 
firft nail at a very fmall price, and the fecond at double the price 
of the firft, and the third at double the price of the fecond ; and 
{6 on, continually doubling for every nail 9 we (hall come at laft 
to a vaftly g^eat Svm. ^ * . 

The firft occafion of which Queftion, may be what I have cited. 
Cap. 13.. of my Opus Aritbmeticum^ from Alfephad (an Arabick 
Writer) in his Commentaries upon Tograius^s Verfes : Namely, that 
one SeJJa an Indian having firft found out the Game of Cbeje^ and 
fliew'd it to his Prince Shehram : The King,, who was highly 
pleased with it, bid him alk what he would for the reward of 
his Invention ; whereupon he afk'd that for the firft little fquare 
of the Chefle- board, he might have one grain of wheat given 
him ; for the fecond, two ; and fo on doubling continually, ac- • 
cording to the number of fquares in the Chefte-board, which 
was 64 : And when the King, who intended to give a very no- 
ble reward, was much difpleafed, that he had afked fo trifling 
an one ; Seffa declared, that he would be contented with this 
fmall one ; fo the reward he had fixed upon, was ordered to be 
given him ; but the King was greatly aftonifhed, when he found 
that this would rife to fo vaft a quantity, that the whole Earth 
it felf could not fiimifh out fb much wheat : But how great the 
number of thefe grains is, may be found by doubling one conti- 
nually 63 times, whereby we fhall.get the number, which comes 
b the laft place ; and then one time more yet, fubtradting i , to 
have the Sum of all ; for the double of "the laft Term, lefs by 
one, is the Sum pf all : Now this will be moft expcditioufly done 
by Logarithms, and near enough to truth for this jpnrpofe : For 
if to the Logarithm of i, which is o, we add the Logarithm of 2, 
(which is 0.301029995664 — ) multiplied by 64, the produft 
19.2659 1972496 — is the Logarithm of the double of the laft Term, 
which may be found greater than 18446 744a7 ooqoo Q0000| 
and leis than 18446 74408 ooooo 00000. 
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A mod compendious and facile Method 
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Conftrufting the Logarithms 

« 
exemplified and demo&ftrated 

From the Nature of Numbers, 

without any regard to the Hyperbola : 



With a fpeedy Method for finding the Namber from the 
Logarithib given. Fbil. Tranf.,lil*. ti6. 

By EDM. BALLBT, [mo) L.L.D. Aft. Reg. & R.S.S; 

I 

TH B Invention of Logarithms is juftly cftcem*d one of 
the moft . ufeful difcoveries in the art of Numbers^ and 
accordingly has had an uniyerfal reception and ^plaufe : 
And the great Geometricians of this Age have not bieen wanting 
to cultivate this fub^eA with alt the accuracy and fubtilty a mat- 
ter ^f that conie(]uence doth require ; and they have demonftrated 
feveral very admirable properties of thefe Artificial Numbers^ which 
have rendered their confttiidbion much motv facile, than by thoft 
cperofe methods, at firft ufed by their truly noble Inventor^ the 
Lord Neper ; and our worthy Country-man, Mr. Bri^s. 

But notwithftanding all their en^avours, I find very few of 
thofe, who ftiake conAant ufe of Logarithms^ to have Itctain^d 
an adequate notion of them ^ to know how to msJce or &ca* 
mine them^ or to tmderftand the extent of the ^ ^ thim i 
contenting themfelves with the Tables of theii^ as they find 
them, without daring to queftion them, or caring to know how 
to re£lify t!hem, ihould they be found amifs ; being, I fuppofe, 
under the apprehenfion of ibme great difficulty thepein : For 
the fake of fuch, the following Tradl: is principally intended $ 

tho* 
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tho* pot without hopes, however, to produce fomething that may 
be ^ceptable to the tnoft knowing in theie matters. 

8ut firft, it may be requifite to premife a Definition of Loga^ 
ritb^s^ in order to render the cnluing Difcourfe more clear ; 
the rather, becaufe the old one, Nutneronm propsttionalium teqia 
diferd^^l comtts^ fccnas too fcanty to define them fully: They 
my much more properly be faicj to be Numeri ratianm eocponentes ; 
wherein wc confider ratio as ^antitas fui generis^ beginning from 
the rofiV of equality ^ ^r i to 1=10 ; being affirmative, when the 
ratio is incjeafiqg, as of Unity to a greatef Number ; but negative^ 
when decrealing : And thefe rationes we fuppofe to be meafured by 
the number of ratiuncubty <;ontain'd in each. Now thefe ratiuncuh 
are ib to bt underftood, as in a continued Scale of Proportionals^ 
infinite in number between the two terms of the ratio ; whicl;^ 
infinite number of mean Proportional is to that infinite number 
of die like and equal ratiwuuUs between any two ocher^ terms, 
as the Logarithm of the one ratio is to the Logarithm of the 
oeher. Thus if there be fupposM between i and 10 an infinite 
Scale of mean Proportionals, whofe Number is 1 00000, i^c. in in* 
fnitum \ between i and 2 there Ihall be 30102 ^c. of fuch Pro- 
portionals •, and between i and 3 there will be 47712, &c. of 
them ; which Numbers thcrefqrc are the hogmthmi of the rationes 
ef z fo 10, I to 2, and J to 3 ^ and not &> properly to^ be called 
the Logarithms of 10, 2 and 3., 

But if inftead of fuppofing the Lqgar rthma composed of a num^ 
bcr qf equal r4tiunci44^y propordonal to t^/dh ratio ; we fbal} take 
the ratio of Unity to any Number, to confifl: always of the fame 
iafiaiCf number of r^titumla^ their fnagnitudes i^ this eafe, will 
be as their Nun^l^er in the former. Wherefore if between Uhity 
and any Number proposed, there be taken any infinity oi meai% 
Propprtionals, the infinitely little augment or decrement of the 
firft of thofe mean^ from Unity, will be a ratiuncuhe^ that is, the 
n^omMftm or fluxion of the ratio of Unity to the faid Number r 
Aod (seing that in thefe^ continual Proportionals all the ratiun- 
<ide arc equal, their fum, or the whole ratio^ will be as the faid 
mmenHm is dire^ty; that is, the Logarithm of each ratio will 
^ as the flexion thereof. Wherefore, if the Root of any in* 
fciitc Power be extracted out erf* any Number, the difirentiolor 
of the faid Root from Unity, ihall be as the Logarithm 'of that 
N'umber. So that Logarithms, thus produc'd, > may be of as 
many forms as you pleafe to alTume infinite Indices of the Power 
whofe Root you feek : As if the Index be fuppofed 1 00000, £?^r. 
infinitely, the Roots (hall be the Logarithms invehted by tht Lord 
Neper ; but if the faid Index were 2302585, fcfr. Mr. Brig^s^s Lo- 
;;arithms would immediately be produced : And if you plcayfe 

la 
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to ftop at any number of figures, and not to continue them oii^ 
it will fufHce to . aflume an Index of a figure or two more than 
your intended Logarithm is to have ; as Mr. Brigg^s did, who, to 
have his Logarithms true, to 14 places, by continual extraftion 
of the Square Rooti at lafl: came to have the Root of the 
i40737488355328/i& Power ; but how operofe that extraftion 
was, will be eafily judgM by whofo (hall undertake^ to examine 
h\^ Calculus. 

Now, tho' the notion of an infinite Power may feem very 
ftrange, and to thofe that know the difficulty of t;he cx- 
traftion of the Roots of high Powers, perhaps impradticablc ; 
yet by the help of that admirable Invention of Mr, Newton^ 
whereby he determines the Unica^ or Numbers prefixed to the 
members compofing Powers (on which the Doftrine of Series 
chiefly depends ) the jfnfinity of the Index contributes to render 
the expreflion much more cafy : For if the infinite Power to be 

I 

rcfolv'd be put (after Mr. Nep?ton^% Method ) jp-fpj, p}-pq\^ 

br H^l*^' "^^^^^ °^ ' + w ?+ 1?^ «2-^- 6m^ « +- 

I— 6»i4-iiw»'~6»i^ ^- x,.,-,»^ • .^.. 

: ^—i -J*, efr. (which is the Root when m is finite) 

becomes I A — f-^-^wH — '9^ — — ?* 4* — 9^ &c, mm being 

' •"^ 2nr^ ' 3«i^ 4»i^ • gm^ ^ 



infinite infinite, and confequently whatfoever is divided thereby 
vanifliing : Hence it follows \ that •— multiplied into j— f qq -f? 

|ji— ^♦-^-ij^ ^c* is the augment of the firft of our mean 
Proportionals between Unity and 1 4- j, and is therefore the Loga- 
rithm of the ratio of i to 1 +J » and whereas the infinite Index m 
may be taken at pleafure, the feveral Scales of Logarithms to fuch 

Indices^ will be as — or reciprocally as the Indices. And if the 

Index be taken loooo, (^c. as in the cafe of Neper^s Logarithms, 
they will be fimply ?— 1??+-52^— iJ^+iy'—ij'^f &c. 

Again, if the Logarithm of a decreafing r^?//^ be fought, the 

infinite Root of i— j, or iH^l" is i -q Lj*— JLjJ — 

— ^♦— J-fl« — —q^ &c. whence the decrement of the firft of 
our infinite Number of Proportionals will be ~ into y+-f ^? 

+ 3?^ +4i*+1?^ 'b^?* ^^* ^^^^^ therefore will be as the 

Logarithm 
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Logarithm of the ratio of Unity to i-^j : But if « be put ioooo&?r. 
then thefaid Logarithm will be j+ljj+Jf Hi?*+tf ^+«?* &c- 

Hence the terms of any ratio being a and h^ f becomes 

or the difference divided by the lefler term, when it is an in- 

creating ratio ; or . - when 'tis decreafing, or as b to a^ 

Whence the Logarithm of the fame ratio may be doubly exprefs'd ; 
for putdng x for the difference of the terms a and by it will be 

» • 1 • . -X sex X I X , X \ X ' 

ether -into-j+^^-ry+^-l--^-7 + gp, &c. 

I . X XX ^ x^ x^ x^ x^ 

or — into — — — +"*~t — — 1 + "*^ """7^^ 5cc; 
m a 2aa^ 2a^ 4a^^ ga^ 6a^ 

But if the ratio of a to ^ be fuppofed divided into two parts, 
viz. into the Tii//^ of a to the arithmetical Mean between the 
terms, and the ratio of the faid arithmetical Mean to the 
other term 4, then will the fiim of the Logarithms of thofc 
two rationes be the Logarithm of the ratio of a to i ; and fub- 
ftttuting i z, inftcad of i a'\- { bj the faid arithmetical Mean, 
the Logarithms of thole rationes will be, by the forcgDing Rule, 

>» z 2ZZ 3z^ 4«* 52^ oz^ 

I ^^s^_xx , j^ J[Lj-i^ fl &c. 

in z 2ZZ 32' 4«* 52' 62* 
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will be the Logarithm of the ratio of a to ^, whole difference is ^, 
and fum z •, and this 5m« converges twice as fwift as the former, 
and therefore is more proper for the praftice of making of Lo- 
garithms; which it performs with that expedition, that where 
X the difference is but the hundredth part of the fum, the firft ftep 

— fuffices to feven places of the Logarithm, and the fecond ftep 
z 

to twelve; but if Brigg/s firft twenty Chiliads of Logarithms 
be fuppofed made, as . he has very carefully computed them, 
to fourteen places, the firft ftep alone is capable to give the 
Logarithm of any intermediate Number true to all the places 

of thofe Tables, 

After the fame manner m.ay the difference of the laid two 
LG<>ariihms be very fidy applied to find the Logarithms of prime 

^ Numbers, 
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Ntttnbers, having the Logarithms of the two next Numbers abo^f 
and below them ; for the difference pf the ratio of a to. ^ ^^ 
an4 of I z to ^ is the ratio of ahy to \ zzj and the half of that 
ratio is that of ^a ^ to i s;, or qf th^ ge^flTifti^i^^I Mean le the 
arithmetical ; and confequently the Logarithm thereof will be 
the half diflerence of the Logarithms ef thofe ra^umeSj ms. 

—into 1- — r + T~r + "5"ir*&^- 

which is a Theorem of good difpatch to find the Logarithm of i r. 
But the fame is yet much more advantagcoudy performed by a 
Rule derived from the foregoing ^ and beyond which (in mjr 
opinion) nothing better can be hop*d : For the ratio of ai to 
j^zzj or i aa-[-{ab -^ I bb^ has the difference of \\t^ terms 
%aa — \ab'\--^bby or the Square of ia — ibzzXxx^ which in the 
prefent cafe of findmg tliMC Logarithms of prime Numbers, is 
alwiys Unity ; and calling the fum of the terms i2a-f-afcgy, 
the Logarithm of the ratio of ^ ab to {a-^-ibov iz will be found 

^ x/ ^ ^ sy ?y ■ 9? 

which converges very much fafter than any ^h^rem luthsr^o 
puhliihed for this purpoie. 

Here note, that —is all aloi^ applied to adapt thefe Rules to all 

ibrts of Logarithms. Ifmbc loooo, ^c. it may be neglefted, 
and you will have Noper\ Logarithms, as W4S hinted before ; 
but if you defire Briggs*^ Logarichms, which are now ge aerally 
leceiv'dj you mufl divide your Series by 

or multiply it by the reciprocal thereof viz. 

But to fave fo operofe a multiplication (which is vsyxct thaa 
all the reft of the work) it is expedient to divide this ra^l|ipli- 
cator by the Powers of « or jr continually, according to the di* 
teflion of the Theorem^ eipecially where x i$ fmall and inte^r* 
rcferving the proper quotes to be added together, when you 
have produced your Logarithm to as nvmy Sgures as you defire, 
of which method 1 will give a Specimen. 

If the curidfiry of any Gentleman, that has leifure, , would 
prompt hint to undertake to do the Logarithms of all prime 
Numbers under looooo to 25 or 30 figures, I dare affure him 
that the facility of this method will invite him thereto \ nor can 
any thing more eafy be defircd. And to eacourage him, I here 
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l^ye the Logarithms of the firft prime Numbers^ under 20, ta 
fixty places, computed bjr th^ accurate Mr. Abrabem Sharps as 
they were communicated to me by our common Friend, Mr« 

NoUy As th^ Logarithms of^ all the Primes under iioo, have 
fince been computed by a double operation, and publi/hed by the 
(aid Mr. Sharp in his Gtometry Imprtnfd^ to 61 places, together 
With thofe of all other Numbers to 100, and from 999990 to 
tooGoio J from whence they are infertcd in the 36th and 4 follow- 
ing pages of this Work ; thefefoit the Logarithms of the 
Pdme^ under 2t) are here omitted. 

The next prime Number is 25, which I will take for an ex- 
ampk of the foregoing DoArine ; ^nd by the firft Rules, the 
Logarithm of cbe ruth of tz to t% ^fr)^\ be found to be, 

either -^ — r^t + rr *— — r*-^ + ^ — 2^rT~ &c* 

22 968 * 3*944 937024 25768160 

^^ 23 +1058 "^ 36501 "^ 1119364 + 32181715 *^- 
As Ukewife that of the ratio of 23 to. 24, by a like procefs, 

^^^'^er 23*" 1058 +•36501 1x^9364*^32181715 ^^- 

24 » 1 152^414/2 ' 1327104 39813120 

And this is the refult of the Doftrine of Mercator^ as improved 
by. the ksarned Dr. WnlK^. But by the fecond Tbeorm^ viz. 

2,X 2,X^ 7,X^ 

•T-f Txr + ■— 7 &c* The fame Logarithms are obtain'd by fewer 
ftepsj to wit, 

.22.2 2 

45 ^73375 0«i^^4o625^26i5686i7i875^^' 

2 '2 2 2 

#3^14% ^1467^5035^3546361843241 ''• 

Which was invented and demonftrated in the hyperbolick Spaces, 
analogous to the Li^arithms, by the excellent Mr. Jams Gr^ory 
in his Exercitati4inisJSkofMtricay and fince further profecuted by 
the aforefeid Mr. SpdialU ia ^ late Treatife in Ef^UJh by him 
publiflied on this fubjeft : But the dembnftration, as I conceive 
was never till now p«fc£ted, without the confideration . of Ae 
IlfperUla^ which, in a matter, purely arithmetical, as this is, can- 
not fo properiy be applied. But what follows, I think I may 
more juftly ckiln as my own, viz, that the Logarithm of the 

ratio 
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rtUio of the geometrical Mean to the arithmetical, between iz 
and 24> or of ^ 528 to 23, will be found to be, 

^^ 1058 1 1 19364 888215334 626487882248 

or • + — — Y &c 

^^57 35^^79^579 6596976558485285 • 

All thefe <Sfr/Vj being to be multiplied into 0.4342944819 &c. if 
you deflgn to make the Logarithm of Bri^s. But with great 
advantage, in refpeft of the work, the faid 4342944819, &c. is 
divided by 1057, and the quotient thereof again divided by three 
times the fquare of 1057, ^nd that quotient again by |^ of that 
fquare, and that quotient by f thereof, and fa forth^ till you 
have as many figures of your Logarithms as you defire. 

As for example, the Logarithm of the geometrical Mean be- 
tween 22 and 24, is found by the Logarkhms of 2, 3 and 11, to be 

1^.3613^96x2669061194500917266980; 

io$7}43429 &c.( 4io874628ioi468i43473i$886363 

3 in 1117249)41087 &c.( • i225852i;44i8[82946oo74 

\ in 1117249)12258 &c( . » ••••.. 658323518437617$ 

•^ In 1117249)65832 &c.( « 4208829765 

^ in 1117249)42088 &c .( > 2930 

Summa •...•••;. 1.36172783601759287886777711225117 

Which is the Logarithm of 23 to thirty- two places, and obtain'd 
by five divifioris, with very fmall divifors ; all which is much lefs 
work, than fimply multiplying the Serm into the faid multiplicator 
43429 &c. 

Before I pais on to the converie of this Problem, or to 
fhew how to find the Number appertaining to a Logarithm 
affign'd, it will be requifite to advertife the Reader, that there 
is a fmall miftake in the aforefaid Mr. James Gregorys Vera 
^adratura Circuli 6f Hyperbola^ publilb'd at Padua^ Anno x66'/y 
wherein he applies his Quadrature of the Hyperbola to the mi"- 
king .the Logarithms : In page 48, he gives the computation 
of the Lord Neper*s Logarithm of 10, to five and twenty 
places, and finds it 2302585092994045624017870, inftead of 
230258509299404568401 7991 ; erring in 'the eighteenth figure, 
as I was aflured upon my own examination of the Number I 
here give you, and by comparifon thereof with the fame wrought 
by another hand, agreeing therewith to 57 of the 60 places. 
Being defirous to be Satisfied how this difference arofe, I took the 
no fmall trouble of examining Mr. Gregorys Work • and at 
length found,* that in the infcribed Polygon of 512 fides, in the 
eighteenth figure Was a o inftead of 9, which being reftified, 

and 
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and the iublequent work corredcd therefrom, the refult did agree 
to an Unit with our Number : And this I propofe, not to cavil 
at an eafy miflake in managing of fo vaft Numbers, efpecially by 
a hand that has fo well defery'd of the mathematical Sciences ; 
but to (hew the exa^fc coincidence of two ib VQry differing methods 
of making L.ogarithms, which might otherwife have b^n quefli^ 
oned. 

From the Logarithm given, to find what raH$ it exprefles, is 
a Problem, that has not been fo much confider -d as the former, 
but which is folv'd with the like eafe, and demonftrated by a 
like procefs, from the fame general theorem of Mr. Newton : 
For as the Logarithm of the ratio of i to i-j-j was prov'd to bo 

1-fy* — '> and that of the rj/w of i to i— j, to be i— i — f'*; 
fo the Logarithm, which we will from henceforth call L, being 

given, i-f-L will be equal to i+fl* in the one Cafe ; arid t — L,' 

will be equal to i— jp ^^ ^^^ other; confcqucntly i+Lj will be 

equal to i-\-5,and i — Li to i — y; that is, according to Mr. iVJw- 
ton's faidRule, i-V«L+i»*L*4-6 m^L^^^m^ L^+jitfn'L^ 
&c. =1+}, andi— »L-|-|/»*L*— ^»»'L'+T?^w*L^— 7T»w^L^ 
&c. zri — y, m being any infinite Index whatfoever ; which is a 
full and general Propofidon from the Logarithm given to find 
the Number, be the Species of Logarithm what it will. But if iVJf- 
fer's Logarithm be given, the multiplication by m is fav*d (which 
muldplication is indeed no other than reducing the other Species 
to his) and the Series will be more fimple, viz. i-4-L-|-fLL-f-|L*' 
^^L^+Ti^L' &c. or I— L+iLL— JL^+^L* — Ti^L^ &c. 
This Series^ efpecially in great numbers, converges fo flowly, that 
it were to be wilh'd it could be contrafted. 

If one term of the ratio^ whereof L is the Logarithm, be ^vcn," 
the other term will eafily be had by the fame Rule : For if L 
was Neper^s Logarithm of the ratio of a the Icffer, to h the greater 
term, b would be the product of a into i-J-L-l-iLL-f-iL' &c. 
=tf+tfL+iiiLL+iflL* &c. ; but if b was given, a would be 
ri— iL-f-l*LL — ibL^ &c. whence, by the help of the C&'- 
&iy, the Number appertaining to any Logarithm will be ex- 
aftly had to the utmoft extent of the Tables. If you feek the 
nearcft next Logarithm, whether greater or leffer, and call its 
number a if lefier, or i if greater than the given L, and the dif- 
ference thereof from the faid ncareft Logarithm you call / ;. it 
will follow, that the Number anfwering to the Logarithm L will 
be cidier a into i+l^ill'Hl'+-^l^'\-ti^l^ &c. or clfe i into 
1— /+fZf— i/^ 4-^* — rizi^ &c. wherein as / is lefs, the SerUs 

K wiU 
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will converge the fwifter. And if tHe firft 20000 Logarithms he 
given to fourteen places, there is rarely occafion for the firft thret 
fteps of this Sfries to find the Number to as many places. But 
as for Flacq^s great Canon of 1 00000 Logaritbmsj which is made 
but to ten places, there is fcarce ever need for more than the firft 
ftep a'\-aly or a ^mal in one cafe, or elfc b — W, or ^ — - mbl in 
the other, to have the Number true to as many figures as thofe 
Logarithms confift of. 

If future induftry fhall ever produce logarithmic Tables to ma- 
ny more places than now we have them, the aforefaid Theorems 
will be of more ufe to deduce the correfpondent Numbers to all 
the places thereof. In order to make the BrO: Chiliad ferve all 
ufes, I was defirous to contraft this Seriesy wherein all the powers 
of / are prefent, into one, wherein each alternate power might be 
wanting ; but found it neither fo fimple or uniform as the other ; 
yet the firft ftep thereof is, I conceive, moft commodious for 
praftice, and withal exa£t enough for Numbers not exceeding 
fourteen places, fuch as are Mr. Brig^s^s large Table of Loga- 
rithms ; and therefore I recommend it to common ufe. 

al ' hi 

It is thus : tf + TZIl/ ^^ ^ j-jTrt wUl be the Number anfwering 

to the Logarithm given, differing from the truth but by one half 
of the third ftep of the former Series. But that which renders it 
more eligible, is, that with equal facility it ferves for Briggs\ or 
any other fort of Logarithms, with the only variation of writing 

^inftead of i , that is, <j4- r ; and h — -; ^ or ^^-^-l l^ 

in a* iii~»* «— i/ 

in • 

^J^\ lb \^ 

^- .1^1/ > which are cafily refolv'd into analogies, viz. 

As 43429&C. — I / to 43429&C. 4- f / fo is a\to the Number 
or, as 43429&C. + I / to 43429&C. — I / fo i$ i 3 fought. 
If more of this Series be defir'd, it will be found as follows, 

^ + 1^^,; — TIT '^^in ^^* ^^ ^^y ^^^^y ^ demonftrated by 

working out the divilions in each ftep, and collefting the quotes, 
whofe fum will be found to agree with our former Series. 

Thus, I hope, I have clear'd up the Doftrine of Logarithms^ and 
fiiewn their conftruftion and ufe independent from the Hyperbola^ 
whofe afieftions have hitherto been made ufe of for this purpofe, 
tho* this be a matter purely Arithmetical^ nor properly demonftrable 
from the Principles of Geometry : Nor have I been obliged to have 
recourfe to the method of indivifibles, or the Arithmetic of infinites ; 
the whole being no other than an cafy Corollary to Mr. Newton\ 
general Theorem for forming roots and powers. ' Eafy 
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Eajy and compendious Methods of making Logarithms^ 
by Mr; Abr. Sharp, of Little - Horton near 
Bradford, Yorkfhirc. 

TO the making of Logarithms^ the firft thing rcquifite is to 
find the natural Logarithms of two or three of the leaft 
and firft prime Numbers, viz. of 2, 3 and 5, or rather 
10, by the reciprocal cf which Briggs's (that are the moft ufeful 
Logarithms) are composM. 

The Logarithm of i being o ; that of 2, the neift prime, is firft 
required 5 but to attempt to raife that diredly and immediately, 
would be fo very laborious and tedious a tafk (much more the 
greater primes) that 'tis more expedient to ufe fuch fraftional Num- 
bers as lie between i and 2, by the multiplication whereof 2, 3 and 
5 may be produced 5 of which (iii the defign'd method) thofe are 
moft convenient, whofe numerators exceed the denominators only 
by an Unit, fince hereby multiplication is wholly avoided. 

^Tbe Rule for making the TUitural Logarithms of fuch improper fraHi- 

ens J may be this. 

Add an Unit to twice the denominator, the Sum (which is the 
Sum of the numerator and denominator) fhall be the divifor ; 
and the excels of the numerator above the denominator (in this 
cafe always i) the dividend : The Powers of this fimple fradbion, 
composed of this divifor and dividend muft be rais'd by a conti- 
nued divifion, till the Series, ruii out to fuch a number of figures 
as are required ; but becaufe none but the odd Powers are of ufe, 
let the firft quotient, and all the reft fucceflively, be divided by 
the fquare of the firft divifor : The Powers thus rais'd, divide 
each refpeftivcly by its proper Index, /. e. the i^ by i, the 2^ by 
3, the 3d by 5, £s?f. the fum of all thefe quotients will be the 
natural Logarithm of the fraction proposed. 

Becaufe the Logarithnis of the primes 2, 3 and 5, are fought, 
which are mutually fubfervient to the compoflng each other, no 
fewer than three Series can fuffice •, therefore three improper 
fia&ions muft be chofen, with two of thefe primes in each. And 
iho* the fraftions neareft 2| as i, f and Is require th^ greateft 
labour id raifing their feveral Series ;*-yet from them^ when com- 
pleated, the Logarithms of the defir'd primes are moft eafily 
deduced : For in fraftions, that approach nearer i (i. e. whofe 
denominators are greater) the Series are rais'd with lefs labour, 
tho' the deducing the Logarithms of the primes therefrom be 
more intricate, and require more additions of Logarithms ; but 
that being a trouble, fmall in comparifon with that of making the 
Series^ thefe muft be fuppos*d more elegible. 
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I. The Scries for making the Logarithm of i ; twice a'+i= g thrf 
^ firft divifor, and the fquarc of 5=125 the divifor for the reft. 



$ )i.ooooo>ooooo»ooooo»ooooo>oooooo( 

(0. 20000>OO000>0OO0O>00O0O>OO0O0O 

tj^tl . . 800,00000,00000,00000,000000 
z$)S{ • • 32,00000,00000,00000,000000 
2j)32( . . 1,28000,00000,00000,000000 

95)1 28r • • . 5120,00000,00000,000000 

25)5*2^ • . . . 204,80000,00000,000000 

25)2048( 8,19200,00000,000000 

35)8 1 92( 32768,00000,000000 

2^)l2y6S{ ..... 1310,72000,000000 

25Ji3io72( 52,42880,000000 

25)S24288( ....... 2,09712,500000 

25)2097152^ 8388,608000 

25)83886o8( 335,544320 

«5)33554432( '3>4*»773 

25)i3^2i773( . 536871 

25)f3687i{ 21475 

2S)2H75C • .... 859 

:J5)859( - • 34 



The oddPowirs divided b^ i» 3, 5, &c« 
I )o. 20000,00000,00000,00000,000000 
3) . . 266,66666,66666,66666,666667 
5) • • • 6,40000,00000,00600,000000 
7) • . . . 18285,71428,57142,85714$ 

9) 5688,88888,88888,888889 

11} 18,61818,18181,818182 



13) 

17) 

2n 
23) 

«9) 

33) 
35) 



63015,38461,538461 

2»84»53333>333335 
. .77,10117,647059 

• * 2,75941,052632 
. . . . 9986,438095 
.... 364,722087 

>3»42i775 

497»05 

• - >«S»S 

691 

• • 2S 



The Sum is the natural Log. of 1=30.20273,25540,54082,19098,900657 

I ■ I I ■ ■■ ■ I I 1 ^ — ^ 



II. The Series for making the Logarithm of f ; twice 3+1=7 the 
firft divifor, and the fquare of 7=49 the divifor for the reft. 



7) 1 .000O0,OOO00,00O00,O0000,OO00O0( 

(0.14285,71428,57142,85714,285714 

49ji4&c.(29i, 54518,950^3,73177,842566 
49)291 5&c.(5,9499o,i8266,i986o,772297 
49}5949&c.(. 12142,65678,90201,240251 
49^i2i42&c.( . 247,80932,22249,004903 
49j2478o9&c.( . . 5,05733,31066,306223 
49)505733^c.( . . .10321,08797,271556 
49^1032 1 c^c.( .... 210,63444,842277 

49;2Xo634&c.( 4,29866,221271 

49l429866&c,( 8772,780026 

i9)^77^7^^<^'{ i79>0363*7 

49)i79036&c.( 3*^53803 

49)36538o3{ 74567 

49)74567( 1522 

49)«522( 31 



The edd P^vjirs divided by i» 3^ 5, Ac# 

1)0.14285,71428,57142,85714,285714 

3) . . 97»>8i72*98347»9»^59»28o855 
5) . . . 1,18998,03653,23972,154459 

7) ... * .i734>66525,55743,o34322 

9) • 27,53436,91361,000545 

'U 4S975»75S5>*482384 



13; 
IS) 

'9) 
21) 

23) 
*5) 
27J 
29) 



793,92984,405504 
14,04229,656152 
. 25286,248310 

• • . 461,725264 

• . • • 8,525539 
15886E 

^9H 

56 



The Sum is the natural Log, of ^ s=ao. 1 43 ^4> 103^2. 25 890,463 7 i,96oq4Q 



I ft Series 

2d 



3d . 

4th t= ift -I- 2d 

5th =- ift 4- 4th 

5th ss 2d 4- 5th, or 4th X 2 , 

6t'i 63 3d -f 6th • • 5 

7th sr4tli +• 7th y 10. 



\Z 



nat. Log. of 1=30.20273,25540,54082,19098,900657 

0.14384,10362,25890,46371,960949 
=0.11157,17756,57104,87788,314755 

=»^-34057>35902,79972,6547o,86i6o6 

.54930,61443,34054,84569,762263 

.69314,71805,59945,30941,723212 

10.80471,89562,17050,18730,037967 

1 . 1 5 ' *9»*5464»97o^>H2oo,899573 

IIL 
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in. The Series for the Logarithm of i; twice 4+1=9 the firft 
divifor, and the fquare of 9=8 1 the divifor for the reft. 



9)l.OOOOO»00000,00000900000«000000( 

(0.IIIII,III1I»1IIII,IIIII»II1III 

Si)ii&c(i 73, t742i,i 2482,85322,359396 
8i)i37iSec.(i,693$o,878o8,4 3028,671 104 
8i)i6935&c.( . 2090,75158,12876,897174 
8i)209O75&c( . 25,81174,79171,319718 

SO*s8t!7^ . - • 3»866»35545'324935 
8i)3i86635&c( . . . 393»4'»79»57«9»3 

« 1)39341 1 7&c.( 4,85693,574962 

8i)4856935&c.( 5996*2 "6975 

81)59962 1 6&c.( 74'02737i 

«i)7402737i{ 9i39«8 

8i)9i39i8( 11283 

«i)ii««3( • »39l 



The odd Ponntrt divided by i, 3, 5, &c. 
1)0.1111 1,11 1 1 t,ii 111,11111,1 1 1 III 

S) • • 45>7U73»7o827,6 1774, 1 19799 
5) • • • • 33870,17561,68605,734221 
7) 298>67879,73268,i28i68 



lO 

«3) 

15) 

17) 

19) 
21) 

23) 



2,86797,19907,92^13 
2896,94140,484085 

. 30,26244,582455 

" • • 32379>57J664 
• • . .352,718646 

' 3>896i77 

43S20 



490 



The Sum is the natund Log. of -J eso.i 1 157» 17756,57104,87788,3 14755 

The three improper fraftions, whofe denominators, - 1 believe 
the greateft that can be found, capabk of effedting this, are \ % 
\X and W \ which Ihall be pitch'd upon for another Example. 

L The Series for i^^i^\ twice 154-1=31 the firft divifor, and 
the (quarc of 31=961 the divifor for the reft. 



\C\\ .O000O,O0O0O,000C0,00OOO,0OO00O( 

(0.03225,80645,16129,0322^,806452 
96i)32&c.( 3,35671,84720,21751,535699 
96i)3359&c.( . 349»2943»»59"7»733«28 
96i)34929&c.( . . . 36346,96419,487756 
96i)363469&c( . . • • 37,82202,309561 

96i)37S>20^^( 3935»69439» 

96i)393569&c,( ...;.... 4»09S4»6 

96i)40954i&c.( •• 4262 



The «i/j/ Pow^r/ divided by i, 3, 5, Uc. 

1)0.03225,80645,16129,03225,806452 
3) • . . 1,11890,61573,40583,845233 

5) 69,85886,51825,546626 

7) 5'9234234S»64no« 

9) 4»20244,7oio6« 

") 357*790399 

»3) 3«503« 

15) ' 284 



The Sum is the natund Log. of 1^=0.03226,92605,68785,58583,646196 

VL. The Series for i^^fi; twice 244-i=:49 the firft divifor, 
and the fquare of 49^:2401 the divifor for the reft. 



49) 1 .000OO,O00O0,00000,0C000,000000( 

(0.02040,81632,65306,12244,897959 
i40i)204&c( 84998,59752,31408,681756 
240f)8499&c.( . 35,40i33,i7464>i43556 
24oi)3540i&c( . . . 1474»44"3»895936 

240i)i4744&c.( 61409,460182 

2401J61409&C.? ....... 25,576618 

240i)a5576&c.^ ...... t . . 10652 



The •ddTwuers divided by i, 3, 5, &c. 

1)0.02040,81632,69306,12244,897959 

3) • • • ; 28332,86584,10469,560585 

5) 7,08026,63492,828711 

7) 210,63444,842277 

9) 6823,273354 

") ^^IH'^M 

13) . . > ... 820 



The Stun is the natund Log. of || =30.02041,09972,601 27*56477,728853 
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HI. The Series for i tV=:H "» twice 8o-|-i=i6i is the firft divifort 
and the fquare of 1 61=25921 the divifor for the reft. 

l6i)i.ooooo,ooooo»ooooo»ooooo,oooooo( I The odd Powers divid. by i> 3, 5, tec 
(0.00621,1 1 8oi,2422396oz48,447205|i)o.oo62i>i 1801,24223,60248^447205 



«592i)62i &c.( 2396,19618,23323,183845 



25921)23961 &c.( • « 9244,22759,2200605) 1848^4547,844012 



25921)92442 &c.( 35663,081641 

25921)35663 &c.( I1375837 



3) 79^»73*o6»o7774,3946i5 



7) s 5094^725948 

9) 152871 



a592»)«375837( • • • • 5S|") • 5 



The Sum is the natural Log. of f§ -=0.00621,1 2599,99278,57665, q6465( 

ift Series nat. Log. of if =o.03226,926o5,68785>58583,646i96 

2d i\ =0.02041,09972,60127,56477,72885^ 

3d §4=0.00621,12599,99278,57665,564656 

4th=ift4-2d+3d . . . 1=0.05889,15178,28191,72726,939705 

5rfv=:iftf2df4th . . i =0.11157,17756,57104,87788,314754 

6th=i ft-f-5th 1=0.14384,10362,25890,46371,960950 

7thi:i4th4-6th i =10.20273,25540,54082^19098,900055 

8thii:6th4-7th 2=0.34657,35902,79972,65470,861605 

9thir8thX3 8=1.03972,07708,39917,96412,584817 

ioth=5th-|-9th • . . . 10=1.15129,25464,97022,84200,899571 

If greater cxaftncfs be defir'd, more Series fhould be taken : 
No fewer than four will be fufficent, if the greateft fraction be 

1^ ; then the (2d) may be — , the (3d) ^, and the (4th) -^ ; then the 
2d-l-3d,thatis,— X— =f-and fl^xl-x^= 4, &c. as in the 

'25 39 15 80 15 24 8' 

foregoing operation. 
Other four Series may be, (ift) ^, (2d) g^, (3d) ^y and (4th) 

224' 125 214 80' 4» 63 224 24' 63 125 24 

^, ami^x — X— =4» &c. as above 

•5 ^o 15 *4 o 

Five Series will be required, if the greateft fra&ion be 
1^ ; then the (2d) may be |i, (3d) ^, (4th) y^, and (5th) i|j J 

• ^^ 8f 100 100^ 121 2? j64.i26,2c 16 J 81 16^ 

then^x-— X — X — = — , and^^x — x-^ = — , and ^X — X 
80 99 99 120 24' 63 125 24 15' 80 15 

— =-|> &c. as before. 

a4 o 

Six Series will be neceflary, when the greateft fraflion 
OS) i|2 , ,hen (2d) may be i^l, (3d) 12^. (4th) iii,.(5th) }£i, and 

(6th) 2|:, then iifyiii=|l, and |ixi|2xi£2xiil=: ^, and 

900 125 224 80 80 99 99 120 24 

!iiyiiix2|l=UiL£, and^xii-fliii-l^, andl^/iix|i=-|, 

124 124 960 3072' 2f 24 3072' 15' 15 24 80 8 

&c. as before. * As 



of mahing Logarithms. 2} 

As the divifors are augmented, fo likcwife muft the number rf 

Series. 

NotCj In the forcing operations, the Loganthms of the pro- 
duds or quotients of the fraftions are to be found by adding or 
fubtrafting their Logarithms. 

But this work having been al- 
ready accomplifh^d, need not here be 
farther infifted on, the natural Loga- 
rithm of lo (which is half of the 
hyperbolic Logarithm of lo) having 
been computed and confirmed by a 
triple Proof to 8 3 places, is found to 

be 
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The reciprocal of $be natural Lag. of lO 
=0.86858,89638,06503,65530,22578 
&c. multiplfdbytbe natural Log. of^^ viz. 

0.1 Ii57>i7756,57i04^8f 788,31475$ 



^^00 0\ 



o.08685,88963,8o65O>36553,02257X 

868,58896,38o65,03655,30225« 

86,85889,63806,50365,530225 

43'42944.8i903,25i82,765i I J 

6,08012,27466,45525,58711(5 

6080,12274,664^5,255871 

608,01227,46645,525587 

43,42944,81903,251828 

5>2 1 1 53,37828,3902 19 

43429,44819,032518 

6080,12274,664553 

86,85889,638065 

3*^7^35*5^55^3 
69487,117104 

6080,122747 

608,012275 

69,487117 

6,948712 

260577 
8686 

3474 
608 

A3 
4 



Briggs'^ Log- of ♦= 0.09691,00130,08056,41435,878332 



a4 ^^* Sharp*! Methods- 

bei.i5X29>25464,97022,842oo,89957,27342,i82io,38oo5,5a744; 
3i43M488o>i6663,95048,37863,04838,67624,oi, and it's red- 

Eocai to be 0.86858,89638,06503,6 &c. whereby Mr. Briggs*% 
ogarithms, (which are moll convenient for ufc, where the Lo- 
garithm of 10 is allign'dz: i.ooooo&c.) are dcducM from the 
natural by muhiplication. For inftance, the natural Logarithm 
of Ij found in page 21, is in page 23 reduced to Briggs\ and 
for the more eafe, in the like cafes^ the reciprocal of the natural 
Logarithm of 10 is multiplied by 2, 3, 4, 5, 6, 7, 8» and 9, in 
the fame 2 3^ page. 

Not only to confirm the former way, but to Ihew that Briggs^^ 
Logarithms may be immediately rais'd yfixh the fame eafe and 
expedition as the natural, I (hall ^ve for an example Briggs*% 
Logarithm of i thus rais*d, in which it may be obferv'd, that the 
reciprocal of the natural Logarithm of 10 is made the firft 
dividend, and aH the reft as dire&ed for making of ^natural Lo* 
garithms^ in page 19. 

The Series fovBriggs^s Log. of J, twice 4+1=9 the firft divifor, 
.and the fquare of 9=81 the divifor for the reft; as in the 
natural Lc^. of |, page 21. 



9]o.86858,89638,o6503,65530922$78,&c. 
(0.09650,98848,67 389,29503,358420 
Si)96&c.(i 19,14800,60091,22586,401 21 5 
«i)ii9i&c.(i,47096,3037i,4966i,56i249 
8i)i4709&c.(. 1816,00374,95674,834089 
8i)i8i6o&c.( . . 22,41979,93773,763384 
8i}224i97&c.(. . . 3767876466,342758 
8i)276787&c.( . . * . 341,71314,399293 
8i)34i7i3i&€.(. .... 4921868,079004 

81)421 868o&c.( 5208,247889 

«i)5208247&c.( 64,299357 

«i)64299357( 793819 

ti)7938i9( 9800 

8 1 )98oo( 121 



The add Powers divided by I, 3, 5, Sec 
1)0.09650,98848,67389,29503,358420 
3) • • 39>7» 600,20030,40862, 1 53738 
5) . . . 29419,26074,29932,312250 

7) *59>429io,7o8io,690584 

9) 2,49108,88197,084820 

»0 *S "6,25133,303887 

13) 26,28562,646100 

15) 28124,518600 

»?) 306,307523 

"9) 3»3«4i77 

21) 37801 

426 



^3) 



Briigi'& Log. of 4=^.09691,00130,08056,41435,878331 
Co. Ar. is Briggi^ Log. of 8=0.90308,99869,91943,58564,121669 



What is here written, is fufficient to (hew the method, whereby 
the Logarithms of feveral of the fmall prime Numbers were made 
by the abovefaid Mr. Sbarpj who with inexpreffible care and pains 
has computed the Logarithms of all primes under iioo, by a 
double bperapion to more than 61 places ; but the eafinefs of this 
method may tempt fome curious Reader to examine fomc of them, 
who will then be better able to judge how much wc axe indebted 
to this admirably induftrious Author. 

The 



c/ making Logarithfksi i$ 

The next work is to fhew how ^rr^gf/s Logarithms of the larger 
brimcs arc immcdiateiy composed ; for which feveral Rules may 
JK laid down ; but that which is moil general and eafy, and comes 
neareft the former, is this : 

Rule I. Let the Number, whofe Logarithm is fought, dnd 
either of the other two numbers next it, greater or left by an 
Unit (the Logarithm of which^ is given) be made an improper 
fra^ion ; to the^ denominator doubled, add i, that Jhall be the 
firft divifor, and the fquare of that muft divide the firft quotient, 
and all the reft : The dividend muft always be the reciprocal of 
the natural Logarithms of ID, viz. 0.86858,89638,06503,65530, 
^^57^^37^33j^ ^^' t)Ut all the reft muft be as dircfted for making 
natural Lc^rithms ; only the fum of the Series^ or Logarithm 
of the fraction, when the given nuniber is lefs than that fought» 
muft be added to its Logarithm i and when greater fubtrac^ed 
from it, Ex. ffr, . 

The Seri^ to make J5nfgg^sJl.og. of ^51 ; talce 250, the next le6, 
to make the fraftibn ifi, whofe Logarithm is firft fought; 
twice 2504-1=501 the firft divifor, and the fquare of 501=2 
251001 the divifor for the reft, as in the following operation; 



501) O.86859,896394o6503,65530»225784( 
(©•0oi73,37iO5^6599,80769,52i409 
251001)1733 &c. (69,07185,65503,646478 
251001)6907185 &c.( . « 27,51855,631266 
251001)2751855 &c.( . . . . • 4 10,96352$ 
25^001) io9635i5( .. . .' 44 



The odd Powers divided by i, 3, 5, &f. 
1)0.00173,37105,06599,80769,521409 

3) • 23>oi395,2i 834,5488^6 

5) ....;...: . S,s<^iiiyi(>6i$i 

7) • • V . • 1^566218 

9/ •••••••••• »^ • • ••• ,«,__ • • • c 

^ I ■ I I i ■ '" 1 ^tl^iA— w^mS 



/S JX)g. of |^ir:=^p.00173, 37128,09000,52976,80271 1 

Log. of 250rs2.j9794,ooo86^72037,6o957,25222t 
Log.of 25it=r2.39967,372t4;8io38,i3934>of;^9?2 

Ruk IL if two nunlbers, next that whbfe Logarithm is fought 
(cither one greater, and the otheir leiTs ; or Both greater, or both 
ieis) have known Logarithms, the fquare of the middle number 
ihall'be the numerator of the improper frslduon, and the produft 
of the other two, the dendmirtitoh ' \ ' 

For MExampkj take 2351 ; its fquare is 57121, and tHcf pfo- 
duftof 238x240 is 57120 ; whence the fraftion is f?if5; their' 
fum 114241 IS the firft divifor,. and its fquare 13051006081 thcf 
divifor for the reft, as In the following Series. 



li424t)o.8685S,89638;6650j;6553o,2257( 
(0.00000,76031,281 $7,19841,08621 5 
130^006081)7603128 te. (58257,027159 

■ ■ I I T i m ■ n'- i. , ■ f I ■ .1 ■■ ■■ 



The oi/tt Potveri divided by i and 3 
1)0.00006,76031,28157,19841,086^1^ 
3) .-.. .^- 19419,000053 



BritJts*^ Log* of 41x15=000000,76031 ,281 57,39260,095268 



26 lAr. Sharp'/ MethUt 

\i the L^og. of the middle number be ibi:ghc« ttie Log. of the 
fraAion^ ^oded to the Log. of the greateft and leaft, will be the 
Log. of the iquare of the middle number ; the half of which is 
its Logarithm, as in the following work. 

■ 

ift Sriigs's Lof. of 240 • » . • . 2.38021*1 241 7,1 i6Q£,ot29J,624459 

ad . .V. .Log. of 2j8 ' ^>37<?7t69S70>^6$ii,9;446»6t2so; 

3d (sift^^^^d) Log. 57120 (or 240X238) .' 4.7$67898i987»68 1 17,97740,236964 
4th ... . Log. of ^HH . f o.»opoOt76o3i,28i ^7,39260,09^268 

5th(w=3d.+4th)Log.c7i2i (or 239X239) . 4'7J^9t5^'8»96*75»37000»33**3* 
tljc bjJf is j»c tog. of 259 2.37839,79009^8137,68500,166116 

r If the Log. of the greateft or Icaft number be fovght, fubtraft 
the Log. of the fra&ion from the Log. of the fquare of the mid- 
dle number, the remainder fhall be the Log. of the produft of the 
other two ; from which fubtraft the Log. of the known number, 

the remainder wiH be the Log. of the other. 

* 

Suppofe the Log. of 239 and 240 given, an^d 238 (ought; 
then 5th — 4th=:3d, and 3d — i(b=:2d: If the Log. of 239 and 
238 are give^, and 240 fought; then 5th— ^4th=:3d, and 3d 

• 

Ruli IIJ. Find fiicfa a produfi: of the number, whofe l^ga* 
rithm is fought (the factors whereof have known Logarithms) 
which fliall be greater or lefs. by an Unit than another number 
composM of fuch as have known Logarithms, thefe two ihall 
make the fra&ion, whofe Logarithm is to be dire£Uy found, 
according to the former prefcriptions, and the Lpgarithm fought 
xnuft be thence deduc'd, as in the laft. 

For Exampkj take 227, which multiplied by 27 and 31, pro- 
duces 180999 5 ^^ fraftiOB is f jf fff, the firft divifor is 379999, 
and it's fqOafezii 4439924000 1 the divifor for the reft. 



379959)0 P^?$W9638o650365530225784( 

(0.00000228576644624460499976 

I44^9024oo6i^2'2857^6 &c. (i 582949077 



Tbe Ud Bonufrs divided by i« and 3* 
1 )b.ooooo22857664462446o499076 
3) 15829 &c '.527049692 



Bi[iggi\ Log. of fH^ M o.oc90o,22857,66446,249««,i 49668 
Log. of 190000 ss 5.2787S>j6eo9,52828,96i 53,633347 
Log. of 1809996=35.2^875^3151.86382.71165,483679 

Log. of 8t7{or 27x31)1=3 2.9«*7^S4S79»95*59>99«55»»7B7?i 
L6jj[,of227 C5 2.3s602i5857i,93i22>7soie»3O4898 

This kft method way ordinarily be lender'd as univerfU as the 
firft, and more expeditious tHan the fecond ; the only difficulty 
is in finding out proper numbers. The method I commonly 
\is*d, ^jfhjch rifely nils, is here fgbjoin'd ; as in the nuna>ars t2j 
I ^'1^1^!^ I? better underftoo^ by the perfermaoce^ than 

223 




r 6400i_^7X4lX223 
1 123, Vll. ^. ^ll-g— — -J 

Logttichms of-} *^ ^^^ 

I a2a» VI*. ^--; — :S ' ' % 
1^ ^' ^9999 «3iX«9' 



7 ±: X5^» r ^ ^ ^^^ 

t^3X^ 87 — 19401 or 2i^)C /^ = 2899 

200 rr 44600 /7po = '5^Joo 

287 = 64001 C713 3:^ 158999^ 

1 = 119 f 9 =: 2061' 

30 ± 6870 I ^ = 13740 

aa^x^ 3j = 7099 I % =2 15801 

400 = 22900 ^r 229 X ^ ,8oQ ~ 183200 

i^t rs 29999 809 rr^ 199001 

, 9^Q ^ 2 06 1 06 
; 7i3t;^3»Xi3; and 986938139X71. '•9869 rr 2 2 60061 
Htre two cwivMient fraaions are dilcover'd, for making the 

64001^7X41X223 ^^ '^Qo oo ^ 3000X53 
• ^- — ^— * j:-..^ > i$8999"^3iX23X223 * 

«I|4 g 26000 1^71x1 39X.2 2q 
3260000"^ 113X30600* 

Ruk IV. Raife tlie number, whofe Logarithm is foaghr, to its 
fi3|uare^ cube, or greater power } and if the number greater or le(s 
by ao unit than fucb ibuare^ cube> C^c. be composed of fuch 
f;uSors» a$ have known LogsBrithms,, thofe two fhall make the 
fraAtoOy whole Logarithm is to be founds a» before. 

An Example fhall be in finding the Logarithms of a 1 1, 

y,X2j,.X2,iX2ii^ ,982119^1 ^ f^ 3954238&81, at ibt 
60x28x53x113x197 1982119440 * " , • 55^^io«>o*» ^^ wz 

firft divifion, quotes the Log. of the ira^on to 29 places. 

J96423a8Si(o.868$889638o6$03.655&Ci(o.'00ooo,oooo2,i9io6>iio87,78o8o«357^ 
Add tkc I/>gi of 199x1 1944^C3 Q.2q7li>98»09»7i664,54944,84244,8397 

The' Sam b the Log. ori982ii944irs 9.29712*9821 i»90770y66o32,62325yi97o 
{ «f wkkK it- die Logb of-ati* sse 2.32428,24552997692,66508,15581,0991 

« 

Ade V. Find fuch a produft* of the number, whofe Logarithnx 
ia fought (the greater the better) which hath two numbers next 
to it, on both or ekher fide, compos'd of (pch fadors as have 
known Logarithms -, then fquare the mkidle number, that fquare 
Ihall be the numerator^ and the product of the .other two the de* 
BOminator of the fraftiorl,^ the Logarithm whereof is to be made 
according to the Rule ; but it tnult he obferv'd in which the fought 
number is ingredient ; for if in the numerator, the Logarithm of 
Ae fra&ion rtiuft .be added to the Logarithm of the denomina* 
lor; and if in the denominator, it mult be fubtradbcd fsom the 
Logarithm oi the numerator. 

F 2 . Cm.. 



^8 , Afr. Sharp'j Methods 

CofFpement fraliions found far making the Logarithms of iii^ 2231J 

^ijy 229, 233, 239. 241, 25X', 257, 263, 269, and 271. 

O/211; ' 211^115=32321 1 .!._ 2321x4321 _^ ^387041 

t322=s5 4X43* and 2320ss29)C?b; 

Cy 223; 2235j:i3-=s2899, 

2898=523x14X9, and 29O0S3:29XiO0 

0/227; 227X17=3^3859, 

3860:^193X20, and 386i=:i43)(27; 

0^229; 229X31=5:7099, 

7 1 00:1^7) ^100, and 7098t=s42Xi 3X13 

0/233; 233X43==! 1019, . 1 

I io:^o=s29)<i9Xa©,and 11 021 as 107^^1 03 ^ J 

0/ 2,39 5 235X4i==9799, 

98t)0:=798xiop, and 98oi==:99X99; 

0/2^1; 241X41=^:9831, ) 

9882^=:6i>^i€X9, and 9880=52X190; ) 

0/251; 251X1 31=3288^, 1 

3 288or=ii 37X240, aiid 32879=:6iX49Xli ; ) 



\ 



^57^ 

then 
dien 
then 
then 



then 
then 



2322X2320 "" 5387040 

21899 X2899 8404201 

2898X2900 "" 840420Q. 

3860X3860 14899600. 

3859X3861 — 14899599 * 
7099X7099 _ 50395801 ^ 

7098X7 ICO "*" 50395800 

1 1020X11020 12144040 



9/257; 257X47=12079, } 

]2o78=s6]il!Ci8Xii,ahd 12080SSI51X80; 5 

0/263; ?63X7,3=*i9i99, 1 

1 9200=96X200, and 19201:^21 1X191 ; 3 

' Of 269 ; '- 269X 1 9X9=45999, . 
A6ooo==46XiOpo,and 459982=3^1 1X109X2 

Of 271 ; ^7»X269=72§99, I 

72900s=8iX900, and 728985=127X41X14; ) 



,} 



uoi 9X1 1021^^ Y2144039 " 
9800X9800 96040000 

9799X9801 "" 96039999 * 
9881X9881 ^ 97634161 

9882X9880 "^ 97634160 * 

thtf 32880X32880 1081094400 

32879X32881*^^081094399* 

then 12079x1 2p79 _ 145902241 ^ 
12078X12080 145902240 

the '9'»0C^'92OO ^ 3^8^6000 
>9'.99*^«920I■^ 368639999^ 

then ^5999X4S999_ , 2i 15908001 ; 
45998^:46000 2 1 1 5908000* 

•then 7^899X72899 ^ 53 14264201 
72898X72900 5314264200*. 



The like Expedients may- be found for larger Primes. 



J Another different Method of making Logarithms^ derived from Dr^ 
WallisV Blujiratien of MercatorsV ^adrature of the Hmrholay 
in Phil. Trahf. N9 38. wherein the greateji, part oftheff^oi^y (viz- 
raifing all the Powers) is performed by multiplication^ heing more 
(pcpeditious^ in raifing the f^ogar^thms of the frft primes^ mtb thofe 
of matrf large- ones, than the former by divijion^ and' very ufefid, 
in^compojing a Table of Logarithms. 

LE T any three numbers in arithmetical Progreflion be propo- 
fed, the leaftziA, the middle srB, the greatcft ziE. 
*' If the Logarithm of any one of tfie/e be givtri, the Logarithms 
pf the other two may be thus obtained, by an infinite Series. 

" B— ^ A E* B* ' E— — A 

I. I>ct the firft term of the. Series be C=: i ^ =- w ^-g-: — 

B ' B E-f-A 

II. the Serie<=C4 -'C'-l-f C'i 4C^+3C'±;C«-f -jC+JC* 

+«c:'*iVC"' y?. ■" - '"^" iiirfhc. 



<of fnoking Logarithm. ag 

III. The Sum of all the odd Powers, {viz. C+fC^-^^C* 
+|C^4-iC^ &c. =Z) is the hyperbolic Logarithm of ^ -. 

IV. The Sum of the even Powers, {viz. iC* + i C*-f-l c^-fc 

JC* +T%C"* &c. nX) is the hyperbolic Logarithm of ^ J^, 

EA. 

V. The Sum of all the Powers, or Z4OC is the hyperbolic 

Logarithm of '^ • 

VI. The Difference of U^e odd and even Powers, or Z— X ia 

E ' ^ • . "^ 

^he hyperbolic Logarithm pf -^ • * 

If B be equal to i, iq, 100, 1000, loooo, ^c. all the Powers^ 
will be rais'd by the multiplication of C continually for the hy- 
perbolic Logarithms ; or of C into the number 0.43429448 &c. 
and into the fevera] produfts for Briggs's Logarithms ; all which 
Powers muft be divided by their refpedive Indices. 

This Method hath this peculiar advantage above others, that 
a Series once raised ft>r the firft numbers In that progreffion, will 

nerally fcrve for finding the Logarithms of eight or more 
rimes, without any more labour than addition or fubtraftion ;. 
and therefore mufl be of very great .ufe in compoiing a Table, 
elpedaiiy as it is moft expeditious in making the Logarithms of* 
the firft primes, tho' not for railing every Gngle Logarithm. 

The Logarithms of the firft f)rime$, viz. 2^ 3, 5, &c. muft be, 
pther the hyptrbolicy or the natural^ fince in all methods of railing 
Logarithms, ihefe firft oflierthemfelves) and from hence muft- 
be deduc'd the Nuihber 0.43429448 &c. or its double, whichj 
reduces them to Briggs^s : • Amongft variety of expedients for 
ptkEdng this, the following is eafy, and capable of a competent 
exaftneis, by three Series 5 for fewer will not perform it without 
more labour and difficulty. 

The I ft three numbers are^ 962rA, looziB, and i04=E ; then 




B — A_ioo^-t96_ 4 E — B 104 — ioo_ 4 E — A 

B 100 too B 100 100 E-i-A 

104— 9^_J,,,J_^C; fo that ap4-C is the firft term. 
200 200 100 ' ^ 

whofe poVprs, C^c. m^ke the firft Series. 

B— A 8 

The 2i arc 92=iA, ipoizB, and io8=:Ei ihen ■ :r — z: 

€.o8=:C, the firft term of the fecond Scries. ^ 100 

The 7d are Q75=:A, ipop=:B, and 1025::^^ ; then —= — =: — ^ 
^ ^'^ ^ "^' B 1000 

^0.025=0, thp firft term of the third Series. , The 
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The xft Scries. 



Tlie 2d Series* 



c 



0.04 



16 



• • 2^6 

10x4 

4096 

I63S4 

65536 

• 262144 

C»^ • 1048576 

c*« . . . • 4194304. 

C* 16777216 

C'"3 ..6710886 

C»* 268435 

C" ..... ^. 10737 

C«^ / 429 

c 17 



c . 






»Cii 



7 



XT 



C'7 



0.0400000000000000000000000 

• • • »«3J33J33333333333333 
204800000000000000 

• V 234057»42^S7i4'3 

. 291271111111 

• • . . 381300364 

516222 

r 716 

I 



Zsr log. v/-»-§f =0.0400^1 35^8}d;6Sni9H8t90 






• QlO 






0008000000000000000000000 
.... 6400000000000600000 

6826666666666667 

• 8192000000000 

10485760000 

I39^\<5»3 

• »9«74 

• • ^7 



*Mm 



XaslogV-^f^f=c.cbo8oo64c68HS69i6642g88i 






C 

c 
c 



e.o8 
. . 64 

• . . 51a 

• • . . 33768 
..... 262144 
..... 209715s 

^„ 16777216 

<- I34«i7728 

C'* I07j)4ig24 

^' ' • • 858993+592 . 

C * 68?t947873* 

S * • • • ♦ 54975581389 

^* • 4J98o4«S" 

^ ' 35>8437a« 

g •, • • • • '8.47498 

C 180.44 

C'» 44TI 

C" Tis% 

• • • • 02 



iC3 



0.0800000000000000000000000 
. • . 1706666666666666666667 

fC5 655360000000000000a 

jfCj ...... ^99593 14^85714286 

i^' • • . 1491 30808888889 

ttC" 780903144727 

HC«> 4228890876. 

-^•' . ..* 23456248 

»3H59 






759^ 
• 4 



Z sa 0.080171 32563758<»69i68949i4 



iC^ . 0.0032000000000000000000000 
^C^ .... 10240000000000000000a 

iC<^ 436906666666666667 

|€* ....... 2097152000000000. 

-reC»<* 10737418240000 

TT<^'* 573^66250613 

TiC»* 3«4»46i79' 

HC;^ «759"9 

rtC»» . 10008 

rtC '"" ^8 

Xssslog. ^i^: =o.oo32i028390i46i 366 70^2744. 

Z+XseIog.^5$-:=i0.o8338i6o893905i0583947658 
;.iSS=s0.07696i04i 136128324984217a 

The 
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31 



^ . . ^ 0.025 

C» 625 ' 

C» 15625 

C^ 396625 

C* 9765625 

o . . • • 244140625 

C^ ••••»,..*• 6103515625 

C* . . . 1525J7890625 

C* . .*. 3814697^656 

c* •9536743*6 

C" •, 2)841858 

€"* 596046 

C" 14901 

c'* m 



C •••.••.• 0.0250000000000000000000000 

iC» 5*^^5333333333333333 

^C ..•••••.. ^» •• • 19531250000000000 

|C' «r»93o5o357i4 

iC^ . . .• 4^3855»5^7 

irtC»' ../.-.. «ii5744» 

t4C** »H7 



fr^ tlieft diret Series* the 
Ixmnthms of all the primes 
anjer tp^ except ii^ jind 
ftveraf ibove it, nay be 
made : For die Logarithm 
of 7 it MC ftom ioo8ssi2X 
12X7, by ad Series; of 13 
firom 1042:8X13, by ift, 
or from 975=575X13, by 
3d; of 17 from 909^-s7X 
7X12X1 7, by*ift ; of 1 9 from 
9?r5«»5^2iXi9, by 3d; 
of 23 from 92=54X23, by 
2d; «r 31 from Q92fis3^x 
3?, by ad; of4i nom 1025 
&S25X41, by 3d; ic. 



^•mm* 



mf^ryrf 



■*^WI 



Z S3 log* V^^S 3=30.0250052102873306882090153 

■ ■ r 11^ ■ ■ ■■■■■■ . ■ . . . _— *. 

C ** . . ^ . • • • • 0.0003 1 250000POO000POOOQOOO 

C'*' • • • « 976562500000000000 

iC^ t 406901041666667 

iC* » 190734863281 

* • 95S^743« 

C'» 49670 

i=aog.%/-*iSlf ?1=o.ooo3 1 25976969591 871 947077 



The Logarithm of ii is 
had from a Series 9f q.oi, 
fpr 99c«9X |if or from 
0.001, for 1001SS7X13X11 ; 
the Log. of 29 mmi « Se- 
ries of 0.0005 fcr 10005=3 
15X23X29; and th« Log. of 
37 from 04)oi, for 999*3 
«7X37 i *«• 



Z+X-sJog. ^^§-1=0.0253178079842398754037230 
log. •;9$e=^*o246926i 25 90371 501 01 43076 ( 



*;■ i." 



-K %' 



^"•" 



iftA>/^s or #/ hypertx>lic Log. of ^5^=0.0408 2,1 9945,80255,1 2955,45771 

** •. T§-J=o*07696»io^ii,^6i28,324g8,42i70 

3^ Hft^o.0253 1,78079,84289,87540,37230 

4» •• r •••••»••• • T§^?3BO.e3922,o7i3i,5328i,29626,92oo^ 

5di=rift^2d f=»o.ii77S,30356,56383.4S453.S794i 

^'°=3d4-4«ft *i=o-o6453,852ii,3757i,i7i67i29239 

7^5*+6* .,..•..,.,.,. .133810.18232,15567,93954,62621,17180 
•™=*^+7th 4=o*23«4»355*3iH209,75576,6295i 



9di=7di*t-id| * . , 4 • !i . ., • • • , • ^4390.40546,51081,08164,38197,80131 

i«h-=9th— 5th 1=30.28768,20724,51780,92743,92190 

ndi==9*4.io4 «^po49|i4'7«8o^59945>3094«»723«i 

iims^th^-iitJi tei .09861,22886,68109,691 39,52452 

iS*=siiriiX3 »'=!2.07944>i54»6,79835,92825,i6964 

i4tfta5R8th-|-i3th iO3a2.30258,5092Q,94O45,684OK799i4. 

54684,36420,7601 i,oi488,62877,2976o,33327,90096,75726,o9677,3C248,o3 ; the 
JUeiprocal whereof is 0.43429,44819,03251,82765^^11289,18916,60508,22943, 
97^5*80366,65661,14453,78316,1365. 

I (hall 



§2 il/r; Sharp's Methods 

I ftiall hcrfe offer one of the three Expedienti, whereby thefe 
iirfl: primes, togethej: with many others, were computed to the 
exa^lnefs of 82 places ; which was by fix Series, frotii whence 
the Logarithms of thefe ten fractions were made. 

1008 7X0X16. , |ooo ' 1000 • .1000125 63X12CX127; , lOQCdOO 

ifl zi^"^ — J 2d zz — : — > gd - — -Z Z ' ' i4"i ■'■ » ^ 

1000 1000 992 32X31 "^ loooooo 1000000 ^ 99999^ 

loooooo '.' , icooo 10000 . ,, 100016 112X19X47* , 10000 
^— «^ % cth *— ^ — ^m — — — • 6th —— — zz ■■ > 7t«i ■ ' ' ■ 

62X127X127 '^ 9996 14X4,2X17' looooo 100000 ' 9975 

10000 • V, , 1 00000 100000 . , 100000 looooo • - , 
- % 8th ■ ■ ^ n— — T — :— \ Qth — : ZZ—z J and loth 



15X35X19/ 9987s » 25X1 7X47' ^ 9997S 75X3*^3 

' 1000008 72X17 X19X43 ^ 
1000000 1.000000 

. •^i 1008 1068 looo- 63X63.^1000125^1000125^1000000 62X^i. 
Then — -X - ZZ. . - > X — :: i X ^ X — — TiIZ— 5 — =^s 

«' 1 000 K 1000 992 125X31 1000000 1000000 999998 128X31' 

63X63^ 63X63^^128 1008 1008 loooo 16X27 100016 100000^ 

1 25X3 1 "^128X31 125 ' 1000 1000 9996 25X17 ' looooo 99875 
1000a 16X16 16X27. i6ki6 81 100000^1000008 12X17X10 looo 
9975 15X17 25X17 >5Xi7 80 99975 ixDooooo 125X31 992 

• '2X17X19 ^ 125X125 125X^25 , i6)^i6 __ 5X125X12 5 5X125X125 

• 125X31 ""48X17X19' 48X17X19 • 15X17"" 16X16X16X19*. 16X16x16x19 

• lOOOO 21K25X12 5 128 128 21X25X125 __21 ^ 2£ . 1008 -^ 

"^ i5JC35Xi9""i6Xi6Xi6xi6* 125 125 1 6X1 6X1 6X16"" 10 * 20 ~ 1000 — 
25 128 ^ 15 16 ■ 81 - 25 16 g\ . , - . , 

Expedients of this kind I have us'd, both for finding and 
proving the Logarithms of all the primes under iioo, and 
many above it. 

« 

To exemplify the making of Briggs's Logarithms immidiately iy 

this Method. 

■ 

Take the three numbers in the 2d Series, viz. azzzk; looirB, 
io8=E, then — ^ — = — =0.08 =C, by which multiplying the 

reciprocal of the hyperbolic Logarithm of 10 {viz., 0.43429 
&c. =:N) continually,' and dividing each Power by it*s Index, 
the following Series are made; 

jf6- 



Of making Ij^attthmL 



)NC«fetd^34lte>K: H 0.034743 J58$5^«6oi46»i« 
KCHaH?"!^^^-^ • • • • *7794M84* 80811697 

NC^ts^^t^kcXC i . i • . »778«70t9787S7«95 
NC^afeAf77SteJeC ; • « i . . t4^3<^6<583<^S7S 
NC*aai4«3Ac-XC ..;;•. 113847694664046 
NC^siisS&cJCC .;..... ;9k>78ij4i3t24 
NC'09»O7&€.XC •«•.••«. 728625233050 
NC9:;a7a86^4(C ; i • . ; i . . ; $829001864^ 
KC'^'nsSi&OCC i ..;•... .. 4663201492 
NC >ea466te.XC 4 . • • ^ • • • • • 373<)5^ii9 

NC'*s:i7}&cxC • « . • 29^444^9 

NC'*=s29«&cJCC i . i . . ; ; i • • . 23^559 
l^C'^^23^ftcXC ••.;«••..•. ^ '9^'^ 
NC>'sr9f&c4CC .;;;••;.;;/.* i5i8a 
NC'^=^l|i&c.XC . . i i . i • . i . . i . 1222 
NC"rfii2apc.xC i i • . .5 . •: y f ; i ^ . « . 98 



NC . . . . . ? . . 0.034743558552260146212 

iNG^ i i • . 74H959^57^> 54978 

|NC» .; a ... 4 .... . 28461 9231^01 15 
-jNG' . i . . i . . . i . • i . 1*301116487589 
^C* . . . * . i • ; * . 6476668738 



4NC*« 4 . 4 



33914193 



;iNG»» 4 . . . ; - • i . . i . . 183658 



4NC*^ . 4 . • . ; . . . ..;.,. i . i 6 




< t' • tf I 



• • • 



aooi389742 342090405848 

•• • • 4447 « 75494689*99 
1-8974015444008 

tf • • • i 9107815413^ 

» • I • • • 4663i6f49 

. • 4 • • ^ • • 2487040 

. i 4 . . . . . rf 13643 

i . i 4 » i • • • •..76 




iNC« 

Z-'Xfidi^. o^'fSfsscMJj J42375548694970231 3 
S4-X:sstof^.or4tesB0.03Miil7i6544447|070i 

of Q»^ 1.96^78782734;^ ^pP9i99 
ip NGfli^o.oo3474355855226oi46ii 

^C . . * 4 . . '741195915781^ 

ajc^ 4 . . .. 2846192317 

fNG' • • • • 130112 

f NG* • «^A..* r^'.i. ».^t,y, 'tg, t.; >? 6 

a log* Of ^^aa 0.0034744299776039^ S?^^ 

^NC^teo.00001 3897423420904058 

Ki9t '-•••• • 4447«7549469 

^NC^ ••/.••••« ^ 18974615 

^N C >...,., ^ ..,, . 911 

XsalogV^^ttgsaobo6i3^97868i 57429053 

Z— Xsk)g.Qf -^^ =30.0034^65321095064861 58 

Z-|-Xs=iog.orAf|f 500.0034883^784582 1 344264 

Uig« of 992 002,99651167^54^8655736 

M 
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Hence *us e^dent^ af»rth^ 
fird Series is compOs'dj how 
eafy the others are thence ck^ 
nirdi even with no more U* 
boar thtn tranfcribuig: I hmvd 
) iniUncM in the nextraoef < .#• 
iiia)dn^C=s0.6o8 ; vAience thi 
Logsnthms of (144X7) 1008^ 
and of (3^31) 992^ are ob^ 
tainM; 

. If C=:8.6668, Oi^ Ld^^ 
lithms of (72Xi39> iooo8» 
and of (8X1249) 9992, are 
got-} if Casso.ooooS^ the Lo- 
garithms of (216X463)100008 
and of (8X29X43 1) 99992, are 
had; andif C--^o«ooOoo8, th^ 
Logarithms of f72Xi7Xi9X 
4^> 1006O08. jind of (8X49X 
'55 999$!>92^^ got: Sottat 
the Loganthms or ten priaea 
^thoie Sf 2i 29/ 17 and 19 be- 
in^ giviin) are obtain'd front 
^toM one Series; *tnz. 3^ 23,* 7^ 

31^ ij9i i249i 463* 43 Jn 43 
and 255 1; 

Many dthd^Slriei ait tf 

Er61i£c ts this i and tho* the 
>b6ur in raifing Ae firil Se- 
nH vkKf be to^ffdeiable, yet 
tiie advantwe of MUbg ib 
flUany Logamhn» mence, 6$ 
eafilv, m^ces abontfatit Qom* 
ptmatkiiik 

IKew fte sidfntigeof dli«M^- 
fbod^ nio' pcncttiiied iff 



Ui th^ £hre« Nitmben be 
l899sss2iiX9ssiA« ipoosoB 

and t$Qi E ; dieii «v- aai 

ZOQO I9M 

by Nss:0434i9 &c. ittuft bi 
moldpljr'd ji. e. divided by 
1900; confintfaSy, and Attt 
«2ch power divided bj^ it's 
Index. . PjTOsm dus Series dio 
Logiirilhms of the pnme^ 
21 1| 1901* 21119^000192279 
and 271439 are ODtaihM» aa 
flieWA tft the next page, 

1090) 
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34 Mr, Sharp^s Methods , 

i9oo)o.434&c. (NC • • • • « • o«ooos28576o4J 10697464611217 

1900)2285 &c (NC*" . ...... ^ ». 12030318058261823481 

i90o)i203&c (NC 6331746346453591 

1900)6331 &c. (NC« ^ * • . . . 333249807708X 

"9«>)3S3*&c. (NC* ...•••. 1753946356 

1900)1753 &c. (NC* 923130 

1900)9231 &c. (NC^ 486 

KC. . • • O«oo0228576o43io6974646i32i7 

^NC^ • • 21105821 15484^30 

|NC' * 1 350789271 

tNCT 69 

Zaatog* of v^HIS ' 0.00022857606421279930887087 

|NC^ . . • 0^00000006015159029130911740 

INC'^ « 833124519270 

iNC« -v .....5385s 

_ XasJog. of \/|gif^|| , 0.0000000601 $159862255584865 

iftasZ^-XssIog. of jiff . . O.o«0228636zi58ii42i8647i952 

2d log. of 1900 • * 3-278;536oo95282896i 53633347 

3dsBS2d— ifesa log. of 1899 3-»78SH9647370« 7539^7'^" 395 

4*h log. of 9 . . o-9S4H« 5094393*487439005 5«' 

Jt|isi3d^4ths=:log. of 211 ......... .2.32428245529769266508155814 
tli^Z*-Xs=:Iog. of !-|§2» .;..•••• .0.00022851591261417675302222 
7tha32d+6A=a log, of 1901 . . . > */ ' * > 3.27898211686544313828935569 

If Csai'rri^' ^^ NC= 0.00002285760431069746461322 

iNCj 2110582115484 

iNC> > 3508 

Zaalog. of\/||ff$ag 0.00002285760433180323580314 
""""^ 4^C^ S3 0.0000000006015159029130911^ 

. JNC* . . ■ > > 8331W 

Xes log. of ^ 4|^f|gg§Tgao^ooo6ooooo6oi ^159037462 1569 

VftssZ+Xeslog.of j%^f| ....... .0.00002285820584770703201883 

ad log. of 19000 4-«7^7536oo95282896i53633347 

ad=s2d—2ib= log. of 18999 4-«7873074274698 1 2545043 H64 

ith ...... . log. of 9 0.95424250943932^87459005581 

<thsB3d+4th=alog.of2iii 3-3«4488«J33076563799» 4*5^5 

gdiaaZ— XaBlog.efifgSi 0.00062285700281589953958745 

7tliag2d4^thaa log, of 19001 4'»7g776457955644g6i07.S92PQ2 

If Ceat^hu^f Uicii N C =-0.000002285760431069746461 3s 

f NC» ..» 211058211^ 

Zsalog. of ••HS<fi=^*oooooi^28576o43 '09085228247 

iNC^±:d0.ooooooooooo6oi5i59029i309» 
iNC4 , . 83^1 

Xgg log, of • 4g^^ggfg||^ga0.ooooooobooo6oi 5 15902921422 

jftssZ-f Xsailog. of ilftJA . . . ... . . 0.00000228576644624988149669 

2d log, of 190000 5*787536009528*896153633347 

3d=s2d—iftsa log. of 189999 . 5.27875131518638271165483678 

4th. lc>g. of (31X27) 837 . . . . . 2192272545799325999155178781 

cthsss3d— 4tks=s ' 

ethsZ — X: 

7thfis2d4«6th: 

8tb l<«-of7 a84so98o400i42568307ii2i626 

:fili«i7air*8<l^% «f a7»4J • • ! • • • • ! • 4-433^57»4669«9Mo62647i854« 



lc>g. 01(31x27 J «37 . . * . . 2192272545799325999155178781 

.— 4tksslog.of227 . • 2.35602585719312272010304897 

— Xs»log, off^S&l 0.00000228575441593182306825 

4.6th=s log. of 190001 5-»7875588670724i8933594oi7» 



* 



■ 

Of malang togarUbm: sj 

to fold convenient FraBions for making the Logdrithms of partU 
cnlar Numbers, without anj Mber Divijon than by the Inikeiof tht 
Powers, 

Take fuch a produft of the Number propo^ as ht^gixa witK 
an unit and dpherst or with a mne: if the fcMmer, fubtraft fudi 
produds from it fucccffivcly as begin -with the fame, or next left 
figure than that which immediately follows the unit and ciphers, 
fubtrading the lafi always from the next former, multiplied by lo, 
lOO, 6fr. till a convenient Number be found ; if the lattet, add 
fuch pHxiufts to it fucceffivcly, when muUiplied by lo, lOO, Gf<f. 
as will make the following figures ^pear as near nines as poffiUb 
Ex.gr. , 

Rank I. Ranks. Ranks- Rank4. } 

act X4=a 1004 aji Xja^JJ «57 X4«ioa8 157 X|«a77« 

» ^ —J,! Xyaaa{9 Xisa-a;/ XS^jo^ 



X4QQ^ 100149 Xj9s=9789 Xjqesaiooaj Xj^^ 

-^iyy^* ^,J^j xS aa »oo8 X8=a —aosS X gea g}i? 



XioSca^Tioooasj X3q8=s99«9« X389a=!ioooa44 X389=a99973 

' X <y=: — a«S9 X4 1 1004 Xy a —8313 xia aj2 

X3Q841SS10000091 X3984=9999«4 , XsSgiisiiooooia? X389i=s9999«7 

X fea 1506 X gsa l«» S 

«5iX(a8«7XJ3X6)3984o6Bs999999<>6 *S7X(«3»9X59*5)389»0Ss=999999»S 
In thu maimer conveniMit Fhiftioiu aie foMid ; as, 

I0Q4 »nX4. 10M4» »5iX«iXi> . iooe«Ty _^ «5'X7»7Xf teo<»oo»i ^ 3y«4iX«3i 

j«oo*''iooo* xooooo^ ~ loboee * xooeoe« loooooo * xooooooo looaeooe 
looeoe iocooo_ iooMO»! loooooo . loooooooo 100000000 . ioo«i 

15i9i**;j5S;5<»'li»«4'*'»5*X»3X4»* «J99»o« «S«7X»5«X»jX« • «ooo» 

••J7Xj» 1000144 «wXil9X«i . IOO OOMT «57X«mXi<7 - looooo^ ''!!°*^1 
■"ISSoS* 7SSS;!55**"'-iooo<K>o ' loooooo©-" 10000006 9997S 3«»»jy 

icMOOO loooeoo . ioooooeoo _^ ioooooeoo_ Wbcie (he Powcn of tlw 

•SSi;'™i«WX»37Xj' 99«W»«S 13>»X»57XS9XS 

Moiben 0.004 J 0.00149 » 0.000*35 J ^*«»«»9i» 0.0010a i 0.000016 f 
<w>oooooo4{ 0.00*3; o/x»«44 J 0.0000117; o.ooo»7J 0.000013; o,p<*ioooi5 
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Ma jttahk 



1 A B L B I. Bnggj'8 Logaritbm ofafi iJmbenta loo, mdof 
PnmfS under i loo, to Sixty-ene places, h A^, Sharo. 



LoptritlJTO. ' ' " 

0.3010*^956,63981,19511,37388,947,4^30, fiyjg,g-g,^,;^g""^/^^^ 



j*. 



-I 



9fp.9^4?4,25o^,393M,874S9.ooss8^6sil,4i6,S^^ 

i2$222!22?$2!9?oop/>oboo,ooooo,oSooio^ 



II 
la 

>3| 



S]o.90|oS^99869| 
£$^..6oo<x,ooooo,o<.ooo.oooo^.oooop^,og„, ,,^ 
if ''°4'»f»*°»5'.^»»5,yo75.oW9 7'M3.<>»»»4.i7^7/aiB(J4t6l,.^c,<»^ 

«7 
18 

»9 

SO 

SI 









1; !p!^s ^^5igji^ s ?j ";. g 

f .^ftT^flL f^^A/* ««a»jkiB Q»OOtf ' 



w.^w.w;>,yyy*j^7y«,,3904»,74777,5944»,986o5,3536t,7976»,oi4»i,7ogi6jw8<4^ I 
o.778i5,J»503,83643i«3*5o^7W7.97979.6583W^^ 



I 

ft 

3 

4 
i 
6 

7 
8 

9 






»3'-3fi7»>7836o,i759a>87886,7777i,iax5i 

24 1.3804 i,i»4i7,u666,oa»93,6a445,874a8,5a 
>|C '>39794.ooo86.7a.oi7,6QQC7,^ 5i2»,,oy ^j? 



.7lM3«3M7^.,58987.3i|SS;^^^^ 



'^^3^^Q*r^ 578ia9i7^i7Q14yi ET 
*'* •*'^ '^49«7*6*»3i>"6i84 M 



iit.4i7r5 8o3i|^JiJ^, -^JS^ 

,9i.J2»39,7997l,7t9S?:o87 H^^St^g^^^^^ 

no I >477il.iM47.iQ66>u.7>.i,ron-;'. J:r!!l??'!?44^>^ 1417,8871^,38410,653969 



>6tf9704i,ooi7f!: 







SI »-7P7S7.or76o,97936.365>3,5,9 7,.ol.8^'.VjJL"« < 'j*/^ Tra? 
pMl«oo,|j436.34yVt»6*3>l2l73«1f!iiiJ22Jll!^*^ 

«.7«3f.»993sis^728isi^6it5l'.5^!^'|^!^|«f''S«S'?34«J7.jW84| 
.,770»5,.«M*^,44..9«.al,-ii,«: :^^^^^^ 

^9.«o833.M68^..8yyr6y^^?g^ 




!2£Z*i so 

*<»34i SI 

S* 

10 5j 

iWiii^ 55 

$« 

$7 
$» 



•» *.79»39> «**94»9*»SS»*74W»044*9>94*4ab90*74»907 « S»9i439#76te9,3 i^^^^^Tp, 
•j»'799J4»0S494»S35*»*7«S30>»*7»<>»^S«0*i'66*>>»8838,30XM.7O5J5>7'3^»>^J346j 
^f,So6i7,99739«838879^7Xs|,H333>^S34^95Si6>o^09<i39^^^*77265>>M7<«^5M 
4c i,Si>^|,i35^>4»»^&iS739%*7^^«>63"7»^354Qt4o^i5>391oMM95>973<4»907^3S 



46 

•7 

•9 



Mi954»393S5*4*W8,673a5,89667,69i»a,63»57,7675o,»0936,ii9» 5,75007,5683^ 

x.f ^6o7y^os7,oo8i6,434i4»9X 3 i6,i9a&6,o6858,09496,»6o8o,5686i^3869i, 179206 ^, 

iJl3SCO,89Xi7»o6s36,3z896,7647M3777j3«3<>^>35439>47i4i>349»^>34S<><>>oxax34^ 

I^838l4,90907,37»55,3i6i6,i8o50,ij5o6,30485,88976,39898,5i,679»»o53^0547*^ ^9 
- Iog,8o400jl4ai6,8307i,>»i6>,5g59»»636i9,34835>7*y6,32^ 96,54o65>036350 1<=\ 



73 



i.85iftS,S3487,X9075,i86o9»i8ft94,350}5,4S9i3«52704,i990i>6oo39,i976»«766499 71 

>-'S73l»H9*4»3»»^8*4^»3*"7»4»99W3,70969,87048,2737«,7677i,73535»9»«*37 f 

i.'«6j3»,»S6oj,io455,90io7,43869,oo47o,3o853,445»8,68»55,3ii65,74*5»»?oo<»o 73 

x.869ft3,i7X97,3e976,X9ioi,ai895>84x63,6M47>475ii,6«57i,6i84»jXo879»«8io74 74 

|1 .^7506,11633,91700^04686,75501,13806,1192 5,56637,49ioi,»6647,878»»,o90io7 75 



.•SoSi,359»i,8o70i,35i96,38iii,65io5,oi537ii4875,o9xoo,3i87J,468i 5,176738 

77)l»M*49i®7»5»>7*^'>^7l46>H»^*9*35>66o43,5i90i,74586,7904i,8soii,ooi74o 
yii.S9aoi46oi6,9O48o>40I7M*7i9»559*»>93^76,6798o,47934,03987,a6779,4i484i 

7jl.f976«,709I»,9044i,4i799y4>»«3»*^478,»4968>M»8,6ioi9,0i^5,O3i56,i635X3 

g0i.9O3«'>99**9i9«943>S*564»"*^6*84»73»479o8,03O45,69644,3863i,56a39,3Xi824 



x.9ol48,50i88,T8640,749f8,oiii6,i30io,46ii3,68oo5,iS456,76^78,34593,i946i6 
l.9>3M»3*$»3*»J7iM897»>3»507»4469*,673*»*^9'7>035i5>*?579»36i03*>7784* 



76 

77 

78 

79 

is 

81 



Sx 
«3 



••9l9O7*»W»3»7«O73»9<>i»3*»7^o3>5>0»7.*6«»4.7Oo»*»37^$8>08o63,o4535,»937o8 8| 
i^»4»7,9»86o,6x88i,65843»47»«9t5>>9^*737SSi«*»oo»8iotj,438S7,83539,543555 8^ 
i.f»94f,l9»S7»»4*9>>7333*>^309>99^o3i>44oo»3*393»7749P>96a93>7^S^o>6994io * 



W-93449>H5i**43sW*»^^*'»7o>47953»7»S»*>55769»*47<5Si84*»0,i9558,35i768 
'•f39S«*9»5»^»»*^"*>5»4*»»7*74^*66ii4,37O3O,04544,i3i8i,o7784,97O58,95i6i5 
f.9444l,a67«i,sox68,6*639,i4i66,554i6,5033i,xoii»,7x834,85i77,87x85,i78ii4 

»-94939»o«^W»449»»>7H7»*35433*^97o»»44"i»»46^S«»*»8s8>>o<^»4>4S*3^*3»8694 
»>9$4M»*$O94»393H»^74S9»ooSS8»Q^5'o»^3Q^'>840<>*»S77*<>38>39>«7»9^>S973'3 



if 

8^ 



8 

87 
88 

S9 
90 



•ili«959<>4»»39»3»»|093»$999i>^7*i4fi6534i9M»*4S»33*o»S^*7"03|3^78j,o48a59 
t.9637^7li73,45555,a69i9,5»549^i700,i756o,3i338,90797,26o3i,3i7o8,9646o4 
l,96«48»*94^$»S3935»»»^9**'73*o.o3373,53X03,l5038,304*»,49488,o5xo7,68ii55 
«-973»»»7>535»99^9W59^»>795«*i94«73>693^6i^»79»9»979>89*05,63683,477569 

«,8884y,7663i,H945,8ic3i,436i9,u8i9>3HSS»93*38f9oS75>9^39H 



x.98»i|r,i»j3ft,3t568,4l336,37a»3,76877,58o4^,304io,783^7i,5oii3,857i3,8iooi9 ^ 

I.^»«77^i734*>^*M4f«S*7«>43*««>"665,57744,94i58,4i5S4.63886,69747,x87io7 97 

«^lM*^?75^»9a494|«5^^3»*«7»4fU909>7654i»37353>34^74."«»3»93543*»7<5974 98 
•9»-995^S»5«945«97J49>9»534.<»557>77753»«S4W,oip69,599i8,84784^8a42,56i703 

1x01 »*oo45S,i3737,8i64i,574S7,5i88i,78iii,9379i,3>i9i,89355,io645,i59 14,05818 



9*' 
91 
94 
9Sl 



; 



991 

lOX 



103 koxaS|,7SH7«oS87^M5>7«io7i i*945*o»»394»>43905»»349«*97^3*o5647*5»8o79 
|lO7p.oft93i,t7776^85409»64oft3,454xi,3946i,43564,6ii68,i689i,634ox,935i9,8i66iQ 
t»«4979»4«^»3*^35*^05«33»076»3**7S»M64»»>045»a^8»798>368ai,X04005 



il3M>J3»7»*4434»834i9»7»*79»$»a70>a8^*44*«**477*3>*3^*3>^*»09i7339$»«S70S4 



i 



10 

107 

109 

"3 



lO3>0,37*09»$S9SM^M»^9874»*'8*7»*^^^5»>576s»63*39>79^39»38^77>^878fti) ia7 



=371 
(39 



»57 



221 

»xx7S7,xi956,55764,a6o8i,oo542,7o697,73859,478ox,63ii7,iai6a,696X9,770335 
,ij§7a,O567x,564o6,768j6,i9i66,i7ii4,78973,3678a,a9707,464i3,50456,63i444 
.X430t,4loo*,5409$,o8o45,6433i,oi3X9,8473i,44797,3i967,9i785,93396,5743o8 
.173x1,6*614,11174,03815,73635,42618,33705,39346,713^6,37111,110x1,048653 

>'7H7j^7*»93'^9»43^>^>90730>55337»3<»7^>8446o^934^8>77^^7>745'o»97^40' 



163 Mi*i*j 



»-»95?9»9^5M»09*33>73*7^>«4'">»9*97>»837o,5o65i,90992,7855i,95873,594477i57 
8,76o44,03957,8o764,oo9i4,3S9*5»9947S>49930»97a47,35985'0*«^5»303704ji63r 
i,647Xi,47583,i7998,40759,o992o,46753,446x3,3S4or,33X25,8i289,o69635i6^ 

«73{*'*3^'*^^'**5'**'755*4»4S6»o53oa»587A46588>778«6,83a69,X349i,66453»9**743i7 
X79i>i5i85,3O309,79893,i6957,O38i6,9i773,0586x,943i0,7i09O.6785i,86i39,477285|i7 



i8iii 

tl9 



1 1. 



•*57^»>574^^««49S»o»'*9743^>7^i».a9*49>aa479»5923i^7aa9»*W769»574799 
.aliO3,3367a,477i7,53763,5O43S»98i70>6i03X,84957,36i34,i78i4,30405,89xi6i 

X93|a.sS555,73090,07773^76o59^7i386,46353,3ioSi,io979,ti6oi,946o4,884i 1,889733 

X97»,a944*,6aa6i,6i 591,91737,17443,17717,15501,75120,64671,00453,36906,180720 

j^ 1^9885,30764^09706,65010,00117,84419,80284,14948,88771,49827,31431,907065 



T n — ■»!-■■ -^ — ' — ■ • i-i^ ■■ I - - I ■ II 1 

xiip,3a4a8,a455i,9769a,66508,i558i,29927,88565,i55O2,585O2,9Oi93,86869,oi4730 
ai3 !• 34830*48630,48160,67347,5 1 762, 1 6240,3 5284,445 34,14237,9802 1,08 1 77,131 582 
»a7*.356oa,5857i,93iai,720io,30489,64753,67294,74838,7826i,56o58,484i6,494656 
»»9»-3$9*3t$48»3»39«87»994">79*98>65526,65887,o'^358,93i42,543*8, 14002,593934 

*33J*-3^35*59*'<^>*^>^»97*x8,9i388,35476,85936,o8S84,54098,3xa89,4575o,38i402j_^^ 
*39P'37839»79^«>9>4'i37>^850o>"66">6oi47,892i2,27092,2242i,694i9,8526i,599734i39 



*5» 

*57 
263 

169 

^^\ 

*77 
xSi 

Si 

S«7 

Sii 



»'44*?o>*3»9«/>S»79»^*86,3gi7^i6a75,ogS7i,55ooo,S4994»87733*xio9i,a255i6 
».45'7t^355»a4»f0^15SS»*95«^*«0570#*S7r»»9«8a8,«S398^i33a6,O54ii,8346«6 

I.4668^^76ao|,54io9^54>4,|758$»to^o»,i8a33,i497o.8o293,87633,9i8oi,3^^7»93 



137 

353 



2.5»76»,990o8,7M38,6*6i9,oo247^««»5««»9>*7C4i»58«o6>*^338,94i45»59077» 
a-5403*#94747.90*73»Tx^S3»S3573>O3»o6>97397»86865,s6i76,9ia43,65O5a,i50367 

2.54a8a»54269,59X7949iff>oi7X9,77i59«63a66,3i783,oo866,754a7^o4iSi,990296 

2.54777,47O53,87822,5%49,7O«93,i5968,56ii9,79362,7i500,87293,47356,»7i765 

^«5J;509>4448fe7^3«9»«47^«»^5*f3»944«3>>997oy^»3i7>^44^»t«^862^5oi8,i9484i 



> 



252 

J672.564«6,5o«42,52o89,j3798,75290,930o«,909i4,75947,52i57,57773,73388,529x8o367 

373l»-ST«7M2iiS,o8687,6o55o,68969,3870i^399iyt9 308,33032,45651,82236,828475 373 

2.578*3^i«99,«8o72,34f93,i462o,59454,44405,294ij,»72io,94923,»ij8i,o8i258 379 

2.583i5^77S9,6862«,74O37,9O46i,295oi,ii»34^7857,39787,5i936,8i090,658346 383 
»• 5*994*9^0^1 3>*5707*73^*4>494*9>«»73'»95»7o>»4076*4"ai>a4688,95645,o64384 389 




4»9 
S? 
431 
433 

439 
443 
449 

457 
461 



50s 

509 



2,3820i,704a^,74*W,38407,68839,66454,€3294,43849>754*»»8794i,37ii6,99078o 
»-39967j37»H»8«»J*»»3934»0549 3*16706,90408,^8574,6668 5,39315,23086,557977 
2.4O993,3i233,3i294,537i6,28954,659i9,63i83,09299,8989X,6226x,22X9o,657085 
»«4^995»574H4*89757»86897,22335,83870,ii8ii,4a»07,55733,87652,5558i,847682 
2.42975,228oo»02407,98oo8,72285,i587i,27i75 , 37709,5468o»'0337>'635MoH9a 



— ~~^ ' — ~ — — ,- ' 11.1^ I I — _^ — _ — _ . 

2^3296^29o8,74405,72952>ij8oi,94875,i8o26,9028o,28o99,7ii47>47i96,959683 
M4a47>97^9<^64448,«377,j7563,i9599,7583i,092a 3,84739,72572,00838,275546 



241 

a5' 

»57 
263 

269 

271 
277 
281 
»83 

307 

3" 

3»3 
3«7 



1.4^13,83754,77186,48475,46084,^6539,33504,93281,89817,26663,11352,567959 

».49»76/)3890,26837,5OS55,3O23f,83»53,64i55,85949,i85J9,9044Mi367f78»3»4 
»*495S4»4S375»4644«»484»o,8ix65*o486i,243i5,X5792,98693,9857i,52993,i968i3 

2.5oxo5,9262ii^i775iyf9455,32290,x6378,224J8,o4877,22X58,7X549,07278,iii979 

2.51982,79937,757x 8,73860,^ 1406,07 340,85663, 5o827,X354 9,696x4,46o87,2955^33' 

337 
347 
349 
353 
3594 



397 
40X 

409 

4«9 
421 



**59*79iO5o^7»63iiS*065t7,6f482,4o668,63XX2,25522,37562,9i876,x8o78,588386 
2,6o3i4,4|72<b»oi82,3o654,464ifj48x4^,4»549,75i89,88963,37359,8276x,5620ix 
.6xi72,33o8o,o734ij8o36o»95027,X7736,46679/x> 3^0,5159 5^65255,67279,407051 
2.6222x,40229,66a95,3»985,o7395,99373>73^2<t>55i4,oSx66,99i8o,2622 3,8x4797 
2.62428,20958,35668, 30744,40669,* Uix,4437X,09437,88488,oi68i,56998,058298 

r63447^727oi;^6o73^ 

2.63648,78963,5a365,44269,to664»49<8s#a6766^86o4,i7833*53839'5465»»633209433 
2.6424i,45202,4ii2X,37o63,374ii,566x3,3X363,46233, 64482,93x97,78492,698498 439 
2.64640,37262,23069,56013,01044,89684*49902,83130,69450,39547,3x960,2x8878443 
2.65224,634io,o332j,i749X,90283,55743^.3X05^35a»7»59942^iio8,72ii2,409383 449 

4571 
461 

463 



».6599X,62<JOo,6985o,22235,|5A6x,4522o^77«4»o594o,i6x55,52489,85626,587883 
2.6637o,O9253*8964*>HSO7»0"*>(*4S7f4Sil3>7i937>47H4»o4839/>i463,622776 



479 



463|2.66558,Q99io,f7953,i$567,4t93X,oS438,7o855,40X57,65450,46974,53874,838o9o 
467a.6693t;68Sos,66n2,x630$,8o5xo,89779,99674,xooxo,6x40x,5596$,77553,654*a8 467 
4y9 i.68o33,55i34>'456l,iioo9»6<>639,66962,3X078,27266,7634o^x8o5,94696,6768ii 

4^7 2.68752,S96x2,S4634,33246,3«o5o,64435,75372,38433,544X3,59009,69o6o,27ft887 ^ 

491 2.69xo8,i49is»2S968,47275,36909,83546,39435,54324,952X9»43x64,65484,935o64 49 
2.698xo^5456»23389,9X4i6,5^$o,36o33,3$846,75f 62,<8889,76585,04407,2i6866 

».7oi56,79850,S59«7,39709,»224o,90279, 52805, 5od6i,793Xi,53264,i3xocb6a69«9 

2.7067i,77823,3^58>74656,8o767,«x564t2$50i,75ix6»3xo2a,82795,593i7»73«5O5 



487 

x 

1499 
503 

52! 

5*» 
5*1 

54« 

547 



15»» 

5»3 
j(4' 
547 

a? 

563 
569 



i.7«683,77232,995a4,474»3»634»>>W5X9,82 340,55592,48804,15(59, io389»oj75i8 
2,7x85o»x6888j67274,2|926,ox265,78S9X,07882,o5229,27624«54022»8o34Oa6x854a 
»-733«9>7»65X,o6569,43«S7,93482,43895,35766,o2744,5Xi26,549x8,o7249»958g43 

»-7379*>73*63*3343o,773'»»**473>7»54*>o64ir,4Xi23,3«573,38734,8367a,s44t94^. 
*'745*5»5'95M37*>>90044>34334>9**99*3^96,i6667.2298l,65562,889i6,o4J7639S57 

2.75050,83948,5X346,»2909,45«i7»0776i,o8389,893O9,375io,02997,46276,5i7O4X563 
••755"»*»663,95O7X,x7228,70555^24030>2oo58,87808,4O566,56954,49337,662x64 569 

57X2.75663,6xo82,45848,o5oq4,o2841j3003X,39578,o8o74,8337X,59899,I9622,253745 57I 

577*.76"7»5^»3»»5573'«4»M»M336,67563,87i65,x8349,9463X,oo8o7,86o67»5o6949 577 
587 2.76863,8iox2,476x4,476o6,35592,98596,7X376,I998x,X2599,o5673,24995,758554 587 

593 ».773O5>46933r64a62,6o639,667X5,5982i,78i33,09249,84055,7964o,65224,ai6ia2 593 
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599 «.7774»>6822 3,8931 1,37982,81725,69101,74684,25 I98,87827,X4494,37552,48 5037 
6oxa.77887,447»>A>2739,52o88,585o6,99987,83983,489X7,52297,24O32,8ox8x>x4509o 
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2;8o82X,09729,«4»»»>o7424,X9385,O5465,83232,48443,i6034,72535,33279,475692 643 
2«8xo90,4i8o6,68700,38445,84305,62795,35772,33374,52752,88620,s^S34>785S<4 647 
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67ja.««<ox,5o64*,i3976,84647,6i709,948*4,66587,84392,7385i,95699,o7ai9,5a76»9 
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a.86864,44383,948»5,73669,35855,X4263iO38a7»78685,6a96o>060Z5,93O30,i62646 
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797 a.90Z45,83ax 3,96 xia,347a6,66oo89a7aaOj37 1 50,6o763,8oo48y34o8o,9oax4y87 1 1 70 

8o9|2.90794,85ai6,iaa7a,3043a»36a35y4588o^ax5i46893,t6537,7o8o3, 38x11,022662 

8xz 

Ssx 

ta3 

»»7 

839^376, 

lS7 



a.909oa,o8542, 1 X X 56,03069,03 3o8y483aa,974S4,96977, xoa58, 368 X a, 366 1 6,489439 
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,i96o^,a8700,x7499,S6oxa,a6886,4003a,8a838,28ia5,4aa35,x6955,53974x 

a.93094,903ii,675a3,oz99f,84Xio,76a76,53a84,a9746,89789,xo7a7,9X9X4,383868 
s^n»^«o8ax9pa3X98,i64a9iya5a96,94730,a9838,4465z,50336,92985,475ai,566946 
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a-97^34«9979«»o3*73»4i875/>«i37»759*5*»»O39,ox6»a,95i45,98964,50857,6643xo 

.97909,19006,38 3a6,4o853^398.477X7,3iaa7,4730a>58aao,xo598,20494,3657Xo 
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a.98989^5637,x8773,0709x^oa8,xxo5a,349a6,a59i4»o83Xo,84838,4x8i3,i33X25 

99»55»35;7%3»»35.fi*»74»9^349>*474»i43755»'974M9»90»o»9»5>»*^*9i^5'*o* 
».996o7,36544;85a75,3a836^343,788i5,4ao86,4X3a5,xa663,aa8xa,o8x87,8484i8 
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( 44 ) 

7ie Melbod %f cmJlruSing the natural Sines^ Taftgend, and 

Secants, hy Mr. Sharp, 

A Chord or Suhtenfe k a righ-Iine conaeAing the 
extremities of an arc, a$ F O fa the Chord of 
the arcs FEO and FDO. 
A Sine ( J ) is half the Chord, or a right-line drawn froni 
one end of an arc falling perpendicularly on the diameftr that 
terminates in the other end, JF R is the Siac 6f the arcs F E, 
pnd FD. 

The Radius (r) 15 the femidiametcr, or fin? of ^ ^. and is 
the greatcft of all fines, ;* • 

The Co-ftne (cs) is that p^rt of the radius, which is inter- 
cepted betwixt the center and the fine; or it is the Sine <if the 
complement or difference of the arc from a quadrant of 90 deg. 
as CRnFW* i? the Co-fine of the arc FEJ, 6v theSinfe of it's 
complement FB : E^ is the double of thcCo-ftne bf the arc D^ 
or the chord of ic's fupplement, viz; of ^E j fo Ey, EJ^» Etj 
£% are the double Co-fmes of the arcs Dy D<A, De, Di?. » 

The VfU'fi^/me (v) of any arc lefsthan gc^deg,. is the cxcefs 
of the radius above the Co-fmc of the ard, as ER=EC— ^<ip. 
^s the Verfed-Cne of the arc FE, The ^erfed-fine of a greater ard 
than 9orf(!rfi i5 the fum of the radius' and the* co-finc» as-DR- 
rzDC+CR is the Verfed 'fine of PD. - • 

The fangent, ( / ) of an arc is a right-line perpendicular to the 
radius at oni end of the arc, and tcnriinated by another right 
linccalPd Secant (f) drawn from the center, thro* the other 
end of the arc y fo EH is the Tangent and GH the Secant of the 
arc FE. " • ' / 

•^ The Cort^ent {ct) and. the Co-ficant '( cf) of an arc, arc the 
/ Tangent and Secant of the complenferit of that arc to 90 deg. 1q 
PI is the Co-tahgent, and CI the Co-fecant of the arc F£- 
'^ The length of any Arc is readily oteairiM from the propor-t 
tion of the diameter of the Circle to it*s circumference exhi- 
bited by Ludolf Van Ceulen^ fince prolonged and confirm'd to 74 
places by Mr, Sbdrp^ which is as 1 to 3.14159, 2^sZSy ^9793^ 
11-3846,-26433, 83279,^50288, 4i97^'*%399i 375iOt 58209^ 
74944* 5t9'^i^^ T^^^^i ^52+=^. .This. number (the Radius 
teing^j} is the length of the fe|i)iperiphefy, or arc of 180 deg. 
whence the length of any arc is eafily found ; for the fength of 
the arc. of i min\ is (nrr^^) 0.00029,08882, 08665,721^9,61539, 
48461, 41477 =M. And M multiplied by the number of minutes 
(Jo) contained in any other are, givc^ the length (A) of that arc. 
"• ' ' " ^ . • • • -. Hence 



Tangents and Sicantu h JWr* Sharp. 45 

Hence by Sir Ifitac Newton's Series, publifti'd by Dr. Halley in 
fUl.Tranf.H''. 219; The Sine, Co-fine, Tangent, Co-tangent, 
Sccaot, and Co-fccant of any arc arc readily found. 

vvm ,m^4^ ^ * . J^O 504D 362880 39916800 

+ L A*^ ' A^* •\ _A__-.A^^— 

^62«7oao8oo 1307674368000 ' 355687428096000 

' _ A'' -4 !! A*^ t^c. 

11164.5100408332000 51090942171709440000 

J- ' ■ A'» .' A'* 4 — A'* 

•^ 479001600 87175291*00 20922789888000 



I 



A'« -^ L_- A»° ejff. 



6iJt>237370j738ooo 2432902908176640000 

rtf;ff^/:s.A+iA^4-A^^+^'-?A' + -fi.A^+ -^i^i-A'*^ 

J, "^44 A'^ + -2i2i^ A'^ ^. ;6404582 A^r^fcf^^ 
~ 608107s * <>3*S»*875 10854718875 

638512875 ^ *^2432»5 1628/0783125 

Offtf^jsi -T^. T A4 '^ 720 ^ 8064 ~ 3628800 

jL J4PSS3^ A'* + i993r<o9^' _ A^4 4- 3^7830^29 A'« 4. 

T ^800320 ' 8717^291200 ^ ~ 4»«45S7977^o ~ 

t404^7§66i6y< j^t« gf^. 
64023737057**^ • 

4. 73 - A* + , ."^'^^7 A" rl f^^^ A'» 4. 

^ 3421440 T 653837184000 > ^ 37362124800 

5535311421440000 

Let the Sines and Co-fines of the Arcs of 5 mn. and of 2^Jeg. 
tc mu. be (blight : The number of minutes contain'd in the former 
Arc-is c, and in the latter \ 795 \ therefore o.0OQa9»o8^fi 2 i£c. x 5 
r=o.ooi45v<44i6» 43328, 60798,077 — is ihe icngth of the 
former, and 0.00029,08 8 8z fe?f. x 1795=^0.52214,^^^4.5,54979; 

^65096 + the leogd^ of the Uttei* : Bat cach-sA. The 
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Of ConftruSiing the Natural SineSy 



The Po^vfrs jf A for o dcg. 5 min. 

A 0.0014544410433^2860798077 

A* 211539874851880971 

A* 307672276285175 

A* 447491186523 

A5 650849548 

A* . . . 946622 

A . . . . 0.00145444104332860798077 
TTr^A^ 5423746 



A+Ti-6A5o.ooi45444i04 332866221 823 
— JA^ — 51278712714196 

Sine 0° 5' . . 0.001 4544405 30541 53507627 

j-|-^A*. 1.00000000000018645466105 
— fA* . . . —105769937425940486 

— Ti^' ^'' — '3'S 

■■■-II ■ ■ « — — 1 ■ H I 1 I II ■ 

Co-fine 0^ 5^:=r.99999894230o8i 219524304 
which is the Sine of 89° 55', and alfo of 90® 
5 ' ; becauie the Sine of a greater arc than 90 
^eg. is the fame as the Sine of it's fupplement 
to i8o4Vg-. 



I 



Tb€ Powers of A for 29® 5J^ 

A= o. 52214.43 U5v^497o>26569,6 
A* ..27263,47061,07852,71522.5 

• 14235.46671,97274,64328,4 

• 7432*96829,74515,22262,5 
. 3881,08228,54410,15375,4 
. 2026,48512,72846,82134. 
. 1058,11772,82716,04570 
. . 552,49017,71091,95815 
. . 288,1.7961,58748,3767 
. . 150,62799,70636,405 

. . . 78.649S5'529*N59 
. • . 41,06641,97110^7 
. . . 21,44259,8404 
. . . 11,19613,1269 
' ' • 5*84599*6511 
. . 3,05245,396 
► . . 1,59382,154 
.... 83220,489 

■ • • • 43453»«07 
.... 22688,79$ 

..... 11846,84 
..... 6185,76 



A» . 
A* . 
AJ , 
A« . 
A^ . 
A» 
A^^ . 

A«* 

A'» 
A'5 

A»* 

A»5 

A*« 
A»7 
A»» 
A'^ 
A»o 
A*« 
A*» 



The Powp-s of A for if 55' divided hy the divifors of the Co -efficients of 

ibt t'wo Series. 



Series for the Sine. 

A . . . V . . 0.522144334554970265096 

i2o)A»( 323423523786751280 

36288o)A9( 7949724864276 

6227020800) A«'( 34434763 

35568742 k 9&c.)A\^( .45 

Affirm, part . 0.522467766028516315460 

6)A^( . . . 0.023725777866212440546 

5040) A7( ...... 2099439937046834 

399i68oo)A"( i970337«838 

* 307674368000) A «5( 44705 

' — — ' " ' 

Kegat. part— 0.023727877325852903923 

-_< — . ■ ' ■- ■ - ■— . ■ 

5ine 29° 55'= .49873988870266341 1537 



Series for the Co-fine. 

1 .000000000000000000000 

24)A*( . . . . 3097970123938134276 
4032o)A*( .... 1370263336084JI 
47.90oi6oo)A«*(,f. . . . 857333665 

20922789888ooo)A**( 1459 

~- ■ • ■ , • ^ 

Affir. part 1.003097207151129077831 

— 

2)A'C . 0.136317353053926357612 

72o)A^( .... 28145626767842807 

36288oo)A**'( .... 415090379915 

87i7829i20o)A'*( . . . . . 1284280 



Neg. part 0.136345499095785864614 



Co-fine of 29^ 55'» or the Sine of 60° 05^ 
Out of which fubtraft the Sme of o 05 
There remains the Sine of . . .* 59 55 

Oat of the Sine pf 89 55 

Subtrad the Sine of .29 55 

There remains the Sine of .... 30 05 



866751708055343213217 

^H5444053054« 535076 

865297267524801678141 

.-999998942300812195243 

498739888702663411537 

501259053598148783706 

Since thcfe two Scries converge the fwifteft next the beginnino- 
and end of the quadrant -, no more than the firft and laft thirty 
degrees need be calculated for making a Table of Sines, becaufe the 
intermediates may be had from them by fubtradion only, as above. 

TABLES 



*** -5! .^ ■$ *^ ^ ^ •** ^^OO \0 *^ *^ *A-tl^ N >0 O 00 «0 rr> O ro QN 

** 1^ S* .^* AM fy^ wT^ t-^ i^> •.•«._ MA fka r>^ ««« Ma Ml *«N An ^^ »<^ r\ Ark 
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4^ Of ConfiruSling the Natural Strut i 

In the preceding Tables are the Power of the length of the arC ot 
I min. and the ProdiKSk of each when multiplied by (j.e. divide by thd 
divifor of) the refpeftive co-cfiicicnt belonging to each term of both 
the Series for the Sine and Co-fincj and alfo the Logarithms of thofe 
produfts, and co-efficients ; fo that the powers of the number of mi- 
nutes contained in any Arc, being multiplied refpedlively by thofe 
produdS) give the lever^l terms of the Series, for the Sine aind Co- 
fine. 

Thefer Tables (having a proper Title to each, and the numbers 
all belonging to each power being in the fame line^ with the 



m 



fymbol of the power prefixed in Table i] need no other explica- 
tion than that the figures in the firft and fecond Tables endofed 
thus ( ) denote the number of cyphers, or decimal places, that 
muft precede the firfl: figure of the fallowing number. 

The Ufe of the firft Table was principally to compofe the fe- 
cond ; though the Tangent, Co-tangent, Secant, and Co-fecant of 
any number of minutes, may be eafily made thereby from their proper 
Series ; but the Sine and Co-fine moft readily from the 2d Table 
as exprefsM above \ wherefore I (hall give an Example in making the 
Sine and Co- fine of 44^^. 37 min* which being near ^sdeg. is as 
laborious as any that can be proposed. 

Let 44 deg. 37 min^zziSyy min.zza% the powers of a muft be 
raisM, which (fince a conflfts only of four figures) is done moreexpe- 
ditiouly than the powers of (h) the length of the arc can be ; 
becaufe A muft confift of fo many places as arc intended in the 
Sine fought \ yet here a due account muft be kept of the number 
of places every power extends to, tho' no more figures need be cx- 



prefs*d in any, than are required 
in the Sine, fewer will fuffice in 
moft; the reafon i?, that after, 
multiplication with the refpedlive 
DumberS) viz. thofe which an- 
fwer the fame power in the fe- 
cond Table, the number of cy- 
phers preceding the fij-ft figure 
of each product may be rightly 
determined. 

' In the adjoining .Table of the 
powers of 2677, the number of 
places in each is exprcfs'd by the 
figures before it, enclosed in a 
parenthefis, as the number of cy- 
phers to be prefixed to each pow- 
er, was in the former two of the 
foregoing Tables. 
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The Powers of 26'jjssai 

( 4) 7677 

7166329 

19^84262733 

51356271^36241 

137480738367117157 

368035936608772629^89 

985232202301684328607 

2637466605^61608194768 

7060^9810368842715294 

1890095342196771 94884 

505978523106075850705 

135450450635496505234 

36260085635122413 

97068249245222706 

15985170322946117 

6r956230095452675; 

186218279655268 

49850633463715^ 

'33450U5782366 

35724604M59393 

The 




T4$^ehh and Secants^ hy Mr. Sharp. 49 

7h tmtrf rf {m) 1677 mJiipUid fy tU r^ftaivt nmihirs (M, a^MS aMS b'M^, bM 
c'MS cli% (ffr.) in Tabic a. Wi^-f i, a, b, c, fit. and I, a'^ b', c', tsTr. ar# /i&# 
tS'^^tmt$ 9f tii ffueral urm in §rdtr of tBi Series fir the Sim and Cp-fin9. 



For the Sine. 

MXtf5aAaao.77870773459Si 36712904.2 
W^HiSarf^A* '23861140397595692433 
^IM'Xtf'BadA* • • • 1901398309620.122 

fM»»x«'%aIA»» 62171025743 

iM")U«^aJiA'» 400219 



AiErm. put 0.7810941387829503867559 



aM>)U's^'.07869954378 5 5 32300962 1 
cM^Xk^aaM' • • • 344501 3 1 36641 26849 
cM>'Xa>'eBrA*>. .. 15994241686980 

gM''Xa"j^A'' 179522015 

iM'»Xg'» ^A »>,...,.>> 709 
Neg. part— 0.0787339955163408346174 



For the Co-fine. 

I .OOQOOOOOOOOOOOOOOOOOOO 

b'M*>Oi*i--b'A* . 153209858637846816232 
d'M^x*'— sd'A* . • . • 335332206911 84292 
f'M»*x««»t=s'*f'A«» . . 1037903309223 

h'M»*Xtf'«=3i»«h'A»* 8737199 

k'M*«^Xfl**»s=3*<>k'A*« 28 

Afiinn. part. % 1-0153243392905450046974 



a^M^Xtf ^^^^ A^o«303 1 9286796 1 48 1 062 5065 
c^^XA^ceac'A* . • . 3096809096025457906 
c'M'^Xa'^'as'VA** . 225934135157361 

g'M'*X«'*=3«VA'* 3458075623 

P M' •Xa' »ai'VA'» 17314 

Neg. part , . — K).30350257i464842933326^ 



Sine 44*17^7023601422666095521385 Co-fine44* 37' 0.7118217678257020713705 
A ccdideimUe part of die labour lioth in radfinf the powers, and mnldplyinz them 
I7 the nambcrs in the fionid Table in this mrAoa, <n by the co-efficients of me two 
Series in the former, rasKj be fiwM, in working bjr the Logarithms, lot which the third 
and fonrdi Tables may oe very fervioeid>Ie, ei^ecially when the Powers afcend high, as 
in the preceding; Exanvple. 

Mf», The In^ces of the Logarithnu m die thiid and fourth Tables confifting of 
tiiro Cgoica are of die fine kind widi thofe of jdie Log. Sbes» Tangents, lie, 

rAr/ewr/ rf AAf ajP 55' mnit^Uid ^i^ (l> a, b, c, d, Wr.) thi federal firms in erdet 
tf tie Siriti firibi Tangnu^ Ce-tangnit, Secam and Co^ficant. 

For the Tangent. I For the Co-tangent. 

lA • • • • • • 0.52214433455 1 Affirm* part lA" ** » . 1.9151792^949022 

aA • • • • • 1740A811151832 

bA' . / . • . -310343704883 

cA' 8213930763 

dA^ • 223940260 

eA' 6167059 

fA'* • • 170229 

gA'' ^ ; • 4702 

hA' ^^JAV^ 133 

• • • * > » —'17729599069861 

• • 1.73788326879161 



*A» •,,... • 474515557^ 

*A' .S>7477M 

cA' ••••••••• 5710^766 

dA' • • 6208902 

oA" • . • • 097090 

fA" ^ . 77oac 

«A'» '. . .. ..:85ii 

M" 940 

iA'»+kA*« ii6 



^^ta 



Tang. 29* 55' • - • $754«640i6 



Ncg. part • • • •^ 
Co-tang. 29** 55'" 



for die Secant 

»+*A* »»j6si73j3054 

oA^ • • 15485350620 

cA^ • . . I7i68832]3 

dA* . • . • 189781471 

eA»® ......... 20970781 

fA'^ • • # • 2317171 

K*'* . . - 25603c 
«• 28291 

iA«« , . .i 3ii6 

kA*<>IA** 4-mA*^ 388 

***^29^55' i-*3S732944»70 



For die Co-fecant; 

lA'^' . 1*91517925949022 
aA . . . 8702405575916 
bA* .... 276800741772 
«A' 7957245427 

aA^ 222190727 

eA* ^'55014 

fA«» • .170146 

K* ' * 4700 

Co»fic8at 29^55' • • • 2.00505318032750 

O Altho* 



5o Of CmjiruBing the Natural Sinei^ 

Although the Series for the fangent and Secant converge k flwly* that except 
tiear thf beginning of die Quadrant (where they are of excellent Ufe) it were better 
to make the Sine and Co-Jtm firtfy and from tl^ence deduce them by the prbpordons 
given in* page 52, yet the *two Series for the Cth-tangenf and the .Ctf-^^^tfn/ are of 
jnfich quicker diipatch, as may be fe^n in the fbtj^goin^ Example^. 

Note, T^he Verfed-fine of any Ate is readily had from the Go-fine ; for if the Arc 
is lefs ^];an gp dtg. then vjbT^cs, and if above 90 dfg. a?=r *j- ct* 

P R O p. I. 

Fig, 1. Tie Sine of mi Jre'fR being gi<uen, tp find if* Co-fine C^^. 

CFf— .F% = C|lyi fhercfprie \j Cf^— F^ =:;C|l, Lp. ^rr—ss^es. 

' PROP. II- 
7he Sine of an Arc FR being given^ to find EY the Sine of half the Arc* 

CR Is found by the f a9i^ and co nfeguently ER; then ^FRf-fERfs^^TS, but $ 
PE=rEV; therefore i /#j—w==i f ^rt. • ^ • 

PROP, in, 

fo find the Sines of the double^ triple, ^ouadrt^le, gmntuple, &C of any Arc ^vhofe 

Sine IS given. 

Let the chords Dfi, fiy, yj", /#, fn be all equal, draw the chords Dy^ DA ]>ft 
Pr/ED, E/g,'E>, Ef, E«, and E» produced, draw" the radius^ C^ and make 
y^=jyyi cM=D/, 'msstDs and gAs=E/S, >ftS3E>., J^^wrs^Jf", f fs=*?, ii«=Eir. 
then are the Triangles BC/§, pfy, J)y(, D/9^ De«, E/Ix, 5>fi, E/^, "Bif ^' 
£i}0-i all ifolceles^ and equiangular. In the tiiangles £/9a> EygA the angles E^X* 
E^^^ are equals the Angles ED09 EyQ being fubtended \?y the fame diagonal Ej^ 
Ao both together m^ke twoHght' angles, fo'Wo do the angles ED0; 0D^i 
tiierefore the angles Eyfi, '0Dk are equal ; but jl^iaB^, and Dfi=:^y 'by con- 
ftrudiohf theitfore die triangles Eyfi, 0kP are equaJlf confeguently DasesE^ ; in 
the fame manner may be prov'd3^==E/, ^'dssE;, </^f==Eit ; likemfe'cT^sJ^/a^ fSa 
P>9 ffxssP/. Therefore (i) C^S : £^ : : J)f : D^, i.e. radius ; double the co-fine' 
Pf an Arc : : the chord of the arc : the chord of double die arc (and halving the 
latter two terms) : ; the iii^e of the krc : the fine of twice the arc ; ai;ain (2) C^ : 
p;4 : :Dy t D^ :\*'| Dy: f D^, i.e. r : 2ct Arc : t st Arc: / Arc-f-^S Arc 5 
is) Q$;E0: ; ^ HI : iDfl/i.e. r j 2« Arc : ': /'3 Arc : /2 Arc 4-/4 Arc (4J 
€0:E0 : :{Dt : I Dks i* e. r : 2<j Arc r: ^4' Art : s$ Arc 4-/5 Arc Again 
(5) C« : E0 : : ^ E^d • 7 E> , i.e. r : 2cs Arc : : the co-fine of the Arc: die fum' 
pf ike Radius, and the co-fme o£ double the Arc; (0) C /3 : E^ : : | £> : | Efi, 
ie. f : ^fi Arc : : r/a-Arc : r/Arc-f-^/S Arc;(7)'C/3 : E0 : : f ]SJ^ : fETyLcr: 
ici Arc: : cs$ Arc t csz Arc+r/4 Arc5'(8) C^fl : B|5 : : | Ee : | E^ , i,e. r ; 
2r/ Arc ; : r>4 Arc: fjj Arc4-r/5 Arcj (9 y CfiiE^: : f E»i : f E^, i.e. 
r* a^^Arc: :W5 Arc : ^^4 Arc-f-f/6 Arc, &c. Eft. ^. SUppofc D^'—ag^^ 
^c* be ^in^n. i^s fine i$ ^oo 14^4^405 3 054 15 ; then radiusrsi : ^jr 5 min.;=si.9999-« 
078846016244: :V5'niin.=s.oor45444053P54ii; :/ iomin.-s3.oo29o887798436i9' 
n) r: zee 5 min. SI999 ^c : : s 10 min. := .002908 tifr. : 5 min.<4^/ ijmin*' 
|S3 .0058i7749Bi5288i,/9atpf which fubtra& / 5 piin. 00145 ^r. thefe re&s / 1$ 
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±^004363309284.7466; (Sc\ again by (5th) r: tcs smm.zzi.^^^^^ 
978846016244: :rJ5min.z= .9999989423008122 : i+ri 10 niin. 
=.1.9999957692054862 (6) r : 2r J smin.r: 1-9999978 6fr. : : c s 
lomiri. 9999957692054862 : r J 5 min. -f-i:^ 15 min.zz 1.999989- 
42302 15467, out of which fubtra^ cs 5 mih.=:.999998942 6?r. refts 
Ci 15 mih.=: .9999904807207345 (7) r : 2W5min.z= 1.9JJ99978 ^c. 
V.csts min.=.99999648o7207345 : sciovSWi.'^isiomm.zzi.gg^^ 
9788460632304, out of which fubtraft cs iomxa.zii.Cf^^^g^y6g2o^* 
4862, rcfts cs 20 inin.=:.9999830768577442, (Sc. By this faft me^ 
thod after the firftCo-finc is obtainM, the whole work may be dcconl- 
plifh'd ; aiid it has theie advantages, the two firfib terms are itlvaridble^ 
the firft being the radius =f i , divifidfl is wholly excluded ; the ^e* 
cohd being fix'd, a fmall Table of it's produfti to id or ioo, tbm$ 
multiplicadbn into addition; from the foufth term the(Sitie if had ^ or) 
Co-fine of fuch an Arc muft be fubtradted^ ai is fo much lefs than tht 
Arc of the third term^ as the Arc of which the (Sine qr) Coffin t 
fought exceeds it ; viz. fo much as is the diftilnce of the firft in thsi: 
lank from the beginning of the Table. 

PRO?. IV. 

Having the Sines of ibe finfi or laft iod^., of, the ^tiadrant/gtvMi 
io fasd tbofe of the middle 30 deg. viz, of all hetween 30 deg. and 
66 ie^. \ 

, JNtake the Arc DL=36 deg. ciraw the radiua CL arid perpendicular 
tiieretOi the chord MGlefs than 60 deg. aiid e a greater than 1 20 deg. 
draw MP, eh parallel to CB, and SG, ah to CD, then in the Tri- 
an^ei MQG, ^ h e the angles QMG9 hesl ate == ^o deg; therefore 
drawing the femicifcled MQG, eha, tis nianifefl: the lines QG, ha, 
being £e chprds of 66 deg. are equal to the radius Mk oi" KG, and 
e g or g i In the triangle MQG, MGji (=4GK^)-M:iGp:MQ^ ; 
but bccaiife GKfsCKSi 3GKj=Mby, therefore Git >c y^3=MO, 
and YG {i.e. PQ^ + GK ^ ^3=Ml*, that is, if to the fine of in 
iic Idi th^ 30 deg. the fine of it's defeat multiplied by V 3 be added, 
the iiini will be the fine df an arc a& much exceeding 30 deg. The fine 
cf i 1 deg.=:.i9o8o8995376545 multiplied by ^^3 O.7320508075- 
688773) produces 330490874533356, i^hich added to the fine of^ 19 
dtg.=.325568 154457 157 makes .656659028990507 the fine of 41 
itg. \ti the triangle eh a^ ea; {p4 e g9)'<^a \apt h; ; but becaufe e g 
nah, 3 eggrsehj, andeg:it ^^3=:^ kziek-f kh; therefore c gv^3 
^k:ddi:;^umi| that is, if the fine of an arc greater than 60 deg. be 

.0 a^ multi^ 
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tnuldplied by^^, and out of the produft the fineof an arc waodng fo 
much of 90 deg. be fubtra6ted9 the remainder is the fine of an arc fo 
much excmiing 30 deg. The Sine of8^dRg.zz.i^^2S^6ist64i$22 
multiplied 4:)y ^3(1 .7320508 &V.) produces 1719140363499733, 
from which fidniafting die Gne of 6y deg. r: -920504853452440 
there remains .79S635510047293 the fine 53 deg. 

P R O P. V. 

Having atl the Sines tmier 60 deg. to fmd aff the ri^ ly oMtim milf^ 
cr having all ahove 30 ^. to find the Sines nfthefirp 30 deg. er hal- 
ving the Sines of the firjt andlajt ^odeg. to find w the iktermediati 
ly fubtrallion onfy. 

In the triangle MQG, f4Kzd[^ (by 4th) therefoitZM+MK:^ 
SG, that is» if to the fine cf any arc 2^ Ma than 60 dqg. the fine 
of the defeft KM be addid^ die fum is the fine of an arc fo much 
exceeding 60 deg. The Sine af 4 1 ikg.::z6s6osg^t 1 990507 -H^ne 
of 19 defi;.r:'3a5A;68 154457x57, makes fineof 79 dqg. = 8i&t97- 
1 83447064. Alfo in the trian^ e h a, e grra h therefore e g— e m 
(i.e. h p) r: p a the fine of che arc B n» tiiat is, from the fine of an 
arc exceeding 60 d^. fubtradt the fine of the excefs^ and there will 
remain the fine of an are wanting fo much of 60 d^;* The fine of 
67 deg. = 920504853452440-^Sne of 7 d%. (I2i8%343405i48) 
= fine of 53 d^. tz 7986355 1004729I. 

By a continual hitedion (by the id) the fine of an arc a Iktle leis 
than I min. may be found, and from that by proportion the fine i min* 
But the fine of i min. may be obtainM fiom the length of it^ arc by 
the Series in the other method with inoomparabty lefs labour and 
greater exaftnefit from which (by the ^d) the fines and co-fines of 
all arcs under 30 deg. being coniputed, the reft arc had (by the 5tb) 
by fubtraftion ^ or having hy the firft 30 deg. made (by die gd) ^1 
to 60 dee. mav begot (by 4th) and all the itft by addition (by 5th0 
or the laft 30 deg. being obtainM (t^ 3d) the reft above 30 w^. are 
made (by 4th) and thi Orft 30 deg. by fubtraftion (i^y 5^^.) 

PROP. VI. 

^ Smes iea^ Maif, ih* Totems mtd Secants an tlm akdnnf. 

The triangles CFR, CWF, CEH, CBIftKcquiangiiW; tben CR : 
RF : : C£ : EH, U. Co-fine : Sia* : : Radius : Tuwenc, and RF (=^ 
CW) : CR (=:WF) : : €B : Bl, U. Sine : Co-fine : : Radius ; Co- 
tang, and CR:CF:: C£:CH,/x Co-fine :Rad.::Rad. :Secxiir, 
and CW i CF ; ; CB : CI, U, Sns : Rad. ; ; Rad. : Co-ftcaot. 
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AN EA S Y 

^adrature of the CIRCLE^ 

From 2^3 or Vi^, communicated fy Dr, HALLEY, 

MANY have been the attempts in all Agps to exhibit a fquare 
equal to the.^^ of a Circle, or which is all one, to find the 
fati9 of the diameter to the ckxiumferenoe : This ArcHm^da 
near two thouiknd years fince Ihew'd to be nearly as 7 to 22 ; and 
cooibquently the area to the circumfcrib'd fquare as 1 1 to 14, coo- 
teBtif)g himfelf in fniall and integer numbers : though his method 
was capable of extream expdnefs, as has been fuice made ^pear by 
the moft elaborsijte calculus of LuMf Van Ceulen. This Gendeman 
by the continual bi&flion of an arc performed by extraftion of the 
fcfgtsn^iM, (analogous to Mr. Briefs method for making the firft 
Xxjgarithm) carried his work fo far as to aflure us, that the diameter 
lieing lytfafiCttOMn&rence was S'^4^5y9^^S^5S^*793^33H^t^64:g^ 
3 832,7950,288 4-» the laft figure being not an unit lefs than the 
tntth. And this was look'd upon as fo valuable a perfcxmanoet that 
it was engraven on his Tomb-ftone to perpetuate the memory 
thereof. However, it might be queftion'd, whether it was really fo 
rzad, unleft by him that had taken the pains to examine it throu^^ 
out ; and moft lovers of thefe matters have chofen lather to take it 
upon credit^ than give themfelves that trouble. 

Now fince his time, as there have been many abortive Eflays to« 
wards ^ perfect quadratuiie,.by thofe that knew not enough to ibe 
the impofiibility thereof ^fo very much has been done towards faci« 
Htating the Caladus by methods far difieriag from t\i^ of Archimedes % 
and particularly the doftrine of Fluxions, and of infinite Series, both 
invented by the moft iUuftrious Skl/aacNewtM, and properly called. 
The GMnary tfOthUi-tinis^ doth afioid us many folutions of this pro^ 
hkm. AmoBgft them that, which perfornas it with th^ kail work« 
is dcTiv'd from the tai^ent of 30 degrees =4/ f. 

Now the iluxion of the tangent of an arc, is to the fluxion of the 
arc h felf ; as the fquare of the fecant, to the fquare of the radius, 
which nay be thw denjonftrated. 
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Let C be the center of a circle, CR the radius=ri AR any arc=4i 

R T it's tangent!!/, and CAT it's 
iecant ; draw the line C a P infinite- 
ly near to C A T^ and the line T P 

ttrill be the fiuxidn of the tangentn/^ 
and A a the correfpondent fluxion of 

the arcz:^. With the center C^ and 
radius C P, draw the infinitely little 
arc UP. Now ob fimilia triangular 
TP:UP::CT:CR, andigain^ 
tJP : Aa : : CT : CR^sCA. Wherefore exiequo TP : Aa : :CT* ; 

CR* : that is, rr-Vit^ is to fTy as / to a. If therefore rri be divided 

• /// /V /^/ 1 t^i • *- 

by /r+Z/, the <JttOticttt will be / -^ ^— +— *" — +-7' ^^-^ ^ ^^^ 

fluxion of the arc ; alid it's fltienf! will be the arc itfelf, viz. t - --• -f^^ 

1 i^J^JL. fcfr. Now the radius being i, and tiie tangent of 

I 1 1 * ■ ' I ^' 

ao degrees-/—, 'tis evident that— v^—is the ctibe thereof^ and-v'- 

II 

the fifth power : — •— the 7th ptiwtr, 6?r. in infimtHii Whente. 

•us ttb^aous, that the arc of 30 deflj. js 3: 4/— - — v^ — V— t/— •— 

^ ^ ^i 9 3 45 3 

109 3 ^3 9 45 189 729 

this arc is the circumference of the ditle, whofe /adius i^ unity ; or 

the whole circ umference, wheri the diame ter is unity 5 therefore 

V la or 2 v' 3* I ---I — —.4-4-=--* ^'> w «q«al «> thcfald 

9 45 «89 7*9 
circumference. 

Hence comes thisllule: Divide the fquat«ro6tctf'i 2 continually bf 
3, and the feveral quotients again by all the odd numbers facceffively, 
viz. the firft quote by 3, the fecond by 5, the third by 7. &ff. then 

to the ^ I a add theiof the ftcond quote, lof the fourth, — of the 

5 9 13 

fixth, f^c. in iiifhUtm, and fitm the fuih fubtnia -4 of the firft 

3 

quote, -f of the third. ^^ of the fifth, 6?^. in it^tuk, and the 
temainder Khali be drcuoi^xcncc fought An 
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in Example of this procefs difpofed according to the manner 

^ of miliam Jones, Efq; F. R.S. 



^=V^ia .... 3.464101615118 ...... A 3.4641016151^8 

^==iB 3849«o«7948o ...... fC , 7698003589a 

*=tE> 42766686607 ...... ^E . , 4751854067 

f==TF 475*854067 . • . . r .TiG 565527236 

•=J!? ? r • 5*79^3785 ? • • f ? 'TT f f ? ? • • • t • i • f 31057870 

....,.• 58664?6| , , . . . .ytL , , , 279356$ 

........ D5I8319 . . . T . -itN. • t ••...... . 260733 

••:•.••• r ? 7*4^5^ •••• t •-jy P ...•., t • t • t • • ^4974 

,- r 20473 liR • ? 243« 

S . ......... .8941 ..... .^T. ; , . 242 

V........... 993 ...... :.iW..... ,4 

ifiSj A ..... 110 , .... ^^Y ....... ^ z 

Sum of the affinnadyf? part • • • r 3.5462331721^1 



B saj A • . . . 1*154700538379 ...... f B 0.384900179460 

) =si C ; 128300059820 11.... fD • • 18328579974 

?=}E ..:... 14255562202 T+F 1295960200 

I==tG .1583951356 . . . . : rrlH. . r 105596757 

l5=* I • • • «75994595 Tf^t r • • r 9262873 

=4 J* • "9554955 •• t •• -tt M ...,,,.,... . 850215 

=VN ...... , ..2172773 ^^2- • • f • • • f 80473 

B=i P ...>..... 241419 i+Q^. ....,., 7788 

=*»••••• 26824 ttS ,.,..,. 766 

y=r5 T . . . , 2980, ^fV ... yS 

X=^W : . . 33, :^x 8 

z =J Y 3 7 ^z...:. , , . . . I 

Sum of the negative part ,..,.^ 0.404640518591 

The Diameter being i> the Circtmifeience b « f • . 3.141592653590 

TJiis Work (being to bepcrfonn*d in an hour's ^irne) is fufficicat 
to ediibit the drcuimerehce from the diameter given fq truly, as not 
to err the breadth of a grain of fand in a Globe as large as the Earth ; 
iand the compendium of this method tempted the incomparable 
Mr. Sharp to continue this to double the places of Ladolf^s Van 
Ceulenj aft^r he had done the (anie» by a double computatioil to 74 
places from different Series, viz. fi-om the Sines and Co-fines of 6^ 
and of 12 degrees ; which is fufficient to give the number of grams 
of fand that may be comprehended withm the Sphere of the fixed 
Stars, if tlie diameter was 12000 x 5980 x 8000 x ioqoooXi 00000 1 
for then the nun^ber of grains would confifi: but of 65 places : So 
that here you* have the Ditnenfiq^ Circuit, and the Jrenarius of 
Archimedes hpth in one. 

Hence it appears that Ludolfs numtjec is fufficiendy true for 4U 
future fquares of the Circle to fquare their Work by, 

• % • i 
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fltf Quadrature of the Circle from Tatig. of 22 i deg.^^ 2-^1-= A. 

HcrcA*=i— 2A, A3=A— 2A*= 5A-i2, and A^=:5A'- 
•2A*=5A^+4A— 2aB'6A5~A; therefore A^=6A' — AS and 
A^=6A^*^A% 6fr. ; fo that multiplying any odd power by 6, and 
iubtra6ting from thitt prodtiA the odd power next lefs, the remainder 
fhall be the odd power next greater ; then divide every odd 
power by its Index, and fubtra6l the fum of the negative quotients 
from the fum of the affirmative, the remainder will be ^ of the Se- 
miperiphery, when the. radius is i . 

fbtajftm. powers afthe. Tang, tfzz \ deg. 



A* . 

A* . 

A'J 

A'^ 

A^« 

A»J 

A»» 

h}f 
A*' 
A*' 

A*» 



.4142135623730950488017 
I2i9330$8i97564i52490 

• 35^9374986230696634 

• • 105661334279533064 

. • . 3"0379273427542 
. • . . . 91561017003375 

> • • • . 2695304687217 

> 79342362008 

* • 23356^*075 

68754265 

20?393^7 

59579 

• • - • »754 



Theft po^uHts di'vided hy thtir hdicfs^ 

i)A (.4142,1356,2373,0950,4880,17 

5)A*( . 24,3866,1763^9-12,^304,98 

9)A*( . . .3988,1-^4,2014,5218,48 

I3)A*3( ... .' 81,2779,^944,5794,66- 

I7)A''( .... 1,8296,3486,6722,08 

2i)A*'( 436,oo48,fi87>32 

25)A*'( 10,78'! 2, 1 874,89 

29)A**( i735*9435^»« 

33)A'^( 7o»7763»96 

•37)A''( 1,8582,2^ 

4i)A*'( 493,64 

.45)A*5( 13,24 

49)A* ^( ■ 36 

Sum of die affirmadye part ^ '4166,9293,7604,2478,3371,19^ 



Tb§fe powiri dhiidedily, their Injieer. 

3) A ' (.a236>8927,o62 1 ,8250,81 3 3,6 1 

7)A'( . 2,9886^3007, 5804,6392,6^ 

ii)A»'( . . S59,S539>8795,6o95,4r 

•''5)A«*( . . . 1 2,0857,459 5>0328,9d 

»9)A«'( 2^08,719^,5300,96 

23)A*^( 684016,8^38,45 

:'7)A*'( 1,7127,4509,21 

lOA'^'C 439iia89>5^ 

35)A"( iM494»o6 

59)A^*( 3024,71 

43)A*^( 80,7c 

47)H 2,17 

50AS4( , . ^ 

Sum of die neg^dve part -^0259,9(3.85,5905,5:236,7890,41 
Suvi of the offiijnadvc part + .4166,9293,7604,2478,3371,19 

" The Length of the arch of 22 | degrees . . • .3926,9908,1698,7241,5480,78 
Whioh multiplied'by ^is tho Sendperiphery tss 3*t4i5»9265,3589,7932,3846,'24 

A!p/r, Though thefe powers ave not {o eafilv ndyd, an thofe of ^ 12, yet they 
tpi^ver^ am^b US^^ fo ^t not many above naif die nmnbo' are reauiiWt 



fbiMgain pnwirs.eftBi Tang* 9/zz\ itg^ 

A^'s3»07io679ii'86547 52440064 
A^ • • .20920410530032474854 
A'* . . . &* 583938675 1704950 
A'' • • • • »8«^6»892549343:4 
A'*^ 5-33656710071820 

A*' ...*.• iS7093^4*43* 
A*' 46244fi7467t 

A'-* «36i^5t7<7> 

A'' . 400729223 

A^« • "796J67 

A« 34725 J 

A^ IC222 

A*' ............. 301 



( 63 ) 

TS* ^adratute of the Grcle from the Tiit^eia of 
isdeg. =2— v'3s=A. 
Here A'=4A— i, A'^^A* — ^A=i5A— 4, A*=i5A*— 4 
A»=r5A'— i6A-V4=i4A'— A, A'=.i4A»— A% and A»« 
I4A'' — A', fcff . J hence it is that multiplying any odd power by 
14, and fubtrafting from the produft of the odd power next lefs, 
the remainder fhalL be the odd power next greater j then divide . 
each power by its Indac, and fubtrait the fum of the negative quo- 
tients from the fum of the aiErmative, the rcmwndor will be ti of 
the femipcriphcry, when the radius is i. 

Thji fowtrs £viJtd fy tbtir /«- 

I W .1679,491 9,243i,iia7,o647,issJ^S* 
SJA'C ■ I>7624.36ao,9a9i,30;5,i74i,9i; ^ 
9)A'C ■ • • -79>'096>68iS.4774.3»»<M05 

'3)A'»C 2813,1797,4667,1116,338 

'7JA"( Ii,n86,5734,;i36^63 

2i)A*'( 464,3893,0263,96s 

»SjA*s( 2,0108,11 23,4^2 

^9)A*'( • 89,3ss8,774 

33)A"( +047.781 

37)A"( 18,610 

4i)A *'( • -86; 

■ ■ 4 " ■3682,a6jg,9983,o884,2969,368j;46 o' 



fbt affirmali-ot pvtuert eftht tangtni 

A .267949i9H3"*a7o647i5S36s8 
A' . I}8iii8io464s6si7637'4oas 
A» . . . 71 198701 3392968S083644 
A'* . . . .36701336706724511389 

A" 1891B717486731987S 

A*' 97S"7iJS!4333' 

A" 5027018086313 

A*' 2S9'3>04444 

A" IJ3S76768 

A" 6885S8 

A*' 3S49 

Sam of die affinnabvc port 



fht MtgtUiv* ffuitri »f the tang, af 

IS deg. 
A'.o 1 9237 886466840597088304 877 
A' . , 99166998198541603699876 
A" . . . SIH8367647402947114S 
A'« . . . . 2635037420113702305 

A'» 13583028028775943 

A** 7001 'Ig 

A»' . .31 \S 



■ 49436 



'[heft fcwm diirided bj tbtir Im- 



3)A> (.0064,1 261,88 22,z8o 1 ,9901,94 j4 ,959 
7)A'( . . i4i6,67i4,oi«3,63o8,6»4e,8j9 
n)A"( . . . 4,6471,2433,1581,0861^013 

'S)A"( 175,6691,6134,0913,487 

'9)A'»( 7148,9621,2040,839 

'J)A"{ 30.44*3 '777S'»47 

^nq:\,\ 336.7569.sso 

3'JA>'( 6,0015.625 

3S)A"( - 274.011 

39)A"( . . . , 1.268 

„ 43)A«'( 6 

Snm or tbe negative part — ■oo64,26B4«2i83,9389,93is,5i28,844. 

Lengtb of the An: of 15 dtg. ■ 2617.9938,7799,1494,3 653,8^53,616 

Vhicii aulciply'd hy 11, u tlie | peripkery 3. I4i5,9265,35l{9, 7932,3846,2643,391 

Though BO Other Method of obtaining the Quadrature of the 
Circle is fcarcely tb be cxpefted, equal in facility to that of 
Dr. HaUef'i by v'12 J yet the three preccifingy and perhaps many 
others, are to be preferr'd for their degree of Convergency ; and 
at leafl they may ferve to confirm one another as far as they are 
carried. Mr. 
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T A 






O F THE 



Logarithms 



OF ALL 



Numbers from ifoioi ooo. 



Q. 



Num. I to 100, and 
their Log* with Indices. 



ijO.ooooboo 
20.3010300 
30.4771213 
4I0.6020600 

i 
6 



7 
8 



0.6989700 



0.7781513 
0.8450980 
0.9030900 



910.9542425 
10 1. 0000000 



II 

12 

>5 



1.0413927 
1.0791812 
I.I 139434 
1.1461280 
i. 17^0913 



16 

«7 
iS 

20 
21 

X2 



26 

«7 
28 

2(? 
30 



3* 
32 
33 
34 
3S 



36 

37 

38 

39 
40 



4' 

42 

43 
44 

11 
46 

47 
48 

49 
50 



i 



1.2041200 
1.2304489 
1.2552725 
1.2787536 
1.3010300 



I.3222193 
1.3424227 
I.3617278 
1.3802112 
1.3979400 



«-4H9733 

« .43 1 3638 
1.447 1 580 

f .4623980 

1.4771213 



1^913617 
1 .505 1 500 
1.5185139 
1.5314789 
1.5440680 



1.5563025 
1 .568201 7 

J -579783^ 
1.5910646 

1.6020600 



1.6127839 
1.6232493 
1.6334685 
1.6434527 
1.653212^ 



52 
53 
54 
55 



N. 100 L. QO. 



N-|Log. IIN. 



1.7075702 
1.7 160033 

«-7H»759l 

»7323938 
1.7403627 



561.7481880 

57 1-7558749 

58 1.7634280 

1.7708520 
1.7781513 



59 
60 



61 
62 

63 

64^ 

65 



1.7853298 
1.7923917 

i-79934<55 
1.8061800 

1.8129134 



1.6627578 
i.6f 20979 
1.6812412 
1.69019611 
1.6989700 



J^' 



'm: 



66 

67 

68 
69 
70 



7ri,85i2583 

72 1.8573325 

73 1.8633229 

74 1.86923 1 7 

75 1.8750613 



76 
77 
78 
79 

i? 
81 

82 

83 
84I 
8 

"86 

^7 
88 

89 

9> 
92 

93 
94 
95 



96 

97 
98 

99 
100 

FT 



1.8195439 
1.8260748 
1.8325089 
1.8388491 
1.8450980 



1.8808136 
1.8864907 
1.8920946 
1 .897627 1 
1.9030900 



1.9084850 
1.9138139 
1. 9 190781 
1.9242793 
1.9294189 



» -9344985 

'•9395193 
1.9444827 

I •9493900 

1.9542425 



1.9590414 
1.9637878 
1.9684829 
1.9731279 
1.9777236 



1.9822712 
1. 98677 1 7 
I. 991 2261 

'•995^352 
2.0000000 






ooiooooooo 

01 

02 



03 
04 



43*14 

86002 
0128372 

70333 



07 
08 

09 

o 
1 

2 

3 
4 

5 
6 

7 
8 

J 
20 
21 
22 

23 
24 



0211893 

53059 
93838 
0334238 
74265 



Log. 



0413927 

53230 
92180 
0530784 
69049 



27 

28 

29 

30 
31 
32 

33 
34 



35 
36 

37 
38 

3? 

40 

4» 
42 

43 
44 

45 
46 

47 
48 

49 



0606978 
44580 
81859 

0718820 

.55470 



91812 
08278^4 
. 63598 

99051 
0934217 



69100 
1003705 

38037 

72100 

1105897 



39434 

72713 

1205739 
38516 
71048 



'303338 

35389 
67206 

98791 

1430148 



61280 
92191 

1522883 
53360 
83625 



1613680 

43529 

73*73 

1702617 

' 31863 



Log, i N. I Log. 



150 

«5» 
152 

153 

156 

«57 
158 

15? 
160 
161 
162 
163: 
164 

^5 
166 

167 
168 
169 

1^0 

171 

172 

»73 

174 

170 

177 
178 

112 
180 

181 

182 

184 
185 

186 
187 
188 
189 

19a 
191 
192 

"93 
j94 

;^ 

»97 
198 

199 



1760913 
89769 

1818436 
46914 

75207 



41200 
••«8259 
95150 
2121876 

48438 




1903317 
31246 

58997 
86571 
2013971 






74839 
2201081 

27165 

53093 
78867 



2304489 
29961 
55284 
80461 

240549 2 



30380 
55127 

79733 
2504200 

28530 



52725 
76786 
2600714 
24511 

48178 



200 
201 
202 
203 
204 



205 
206 
207 
208 
209 

210 
211 
212 

12'3 

214 

215 
216 
217 

2l8 

219 
220 

221 
222 
223 

224 



3010300 
31^1 

53554 
74960 

1^6302 



71717 
951-29 
271841^ 

4.«578i 
64618 




N. I Log. |[N. 



226 
227 
228 
229 

230 

231 
232 

233 

2J4 



3117539 

38672 

59703 

80633 
3201463 



22193 

42825 

63359 

^3796 

3304138 



24385 
44538 

04597 

84565 

340444" 



24227 

43923 
63530 

83049 

3502480 



21825 
41084 
00259 

79348 

98J55 



235 

236 

237 

238 

239 



240 38021 I 2 



241 
242 

243 
244 



245 
246 

247 
248 

249 



3617278 
36120 
54880 

^ 73559 
92159 



3710679 
29120 
47^83 

65770 
83979 



20170 

38^54 
56063 

73898 



I 



91661 
3909351 
26970 

445*7 
61993 



Log. 



J 



N* 250 L.39 



250 3979400 

251 96737 

252 4014005 



253 
256 

*57 
258 

*59 



31205 
4^337 



65402 
82400 

99331 
4116197 

.32998 



260 
261 
262 
263 
264 



265 
266 
267 
268 
269 

270 

*7i 

272 

273 
f74 

*75 

2 



285 
286 
287 
288 



290 
291 
292 
293 

i2i 

*95 



^97 
298 
299 

In: 



66405 
83013 

99JS7 
4216039 



3H59I 
48816 

65113 

81348 

97523 



4313638 
29693 
45689 
61626 
77506 



93327 
I 

2479« 
40448 

56042 



76 [440909 

278 

279 
280. 
281 
282 
283 
284 



71580 

87063 

4502491 

17864 

33»83 



4^449 
63660 

78819 
93925 



289 4608978 



23980 
38930 

53829 
68676 

83473 



98220 
12917 
27564 
42163, 

567 '2 

Log. 



300 
301 
302 
303 

304 

305 

306 

307 
308 

309 



3»o 
3W 

312 

3«3 
3«4 



42998 
57214 
71384 
85507 

99585 

4913617 

27604 

41546 

55443 
69296 



316 

1^7 
318 

3'9 
320 
321 
322 

323 
324 



326 

327 

328 

329 



330 
33» 
332 
333 
334 



335 
336 

337 
338 

332 
340 

341 
342 

343 
344 



346 

347 
348 

349 

N. 



Logy 

477I213 
85665 

4800069 
14426 
28736 



83106 
9687, 
5010593 
24271 

37907 



51500 
65050 

78559 
92025 

51054 JO 



18834 
32176 

45478 
58738 
71959 



85139 
98280 

5211381 

24442 

37465 



50448 

63393 
76299 

89167 
5301997 



14789 

27544 
40261 

52941 
65584 



78191 
90761 

5403295 
15792 

28254 



350 

351 
352 

353 
354 



356 

357 
358 
359 



360 
361 
362 

363 



Log. 

J440680 

53071 
65427 

77747 
90033 



5502284 
14500 
26682 
38830 

50944 



63025 

75072 
87086 

99066 



364 (611014 



365 
366 

368 
369 



370 

17^ 
372 
373 
374 



375 

376 

377 
378 

379 



380 

381 
382 

383 
384 

385 
386 

387 
388 

389 

390 
391 

3924 

393 

394 

395 

396 
397 
398 

399 



22929 
34811 
46661 
58478 
70264 



82017 

93739 

5705429 

17088 

£8716 

403^ 

51878 

63414 
74918 
86392 



97^36 

5809250 

20634 

31988 
43312 

54607 

65873 
77110 

88317 
99496 



5910646 
21768 
32861 

43926 
54962 



65971 

76952 
87905 

98831 

6009729 



N./ 



L(^. 



i«M 



400 
401 
402 
403 

404 



Log, 

6020600 

31444 
4226] 

53050 
63814 



405 
406 

407 
408 

409 
410 

411 
412 

413 
414 

415 
416 

417 
418 
419 



420 
421 
422 

423 

424 



425 
426 

427 
428 

429 

430 

43 » 

432 

433 

434 



74550 
85260 

95944 
6106602 

17233 



27839 
38418 

48972 

59501 

70003 



80481 

90933 
6201361 

11763 

2 2 140 



32493 
42821 

53125 
63404 

73659 



83889 
94096 
6304279 

H438 
24573 



435 
436 



438 
439 



440 

44" 
442 

443 
444 

445 
446 

447165 

448 
449 



N- 



34685 

44773 
54837 
64879 
74897 



84893 

94865 

437I6404814 

14741 

24645 



34527 
44386 

54223 

64037 
73830 



83600 

93349 

;o3075 
12780 

22463 



Log. 



450 

45 « 
452 

453 

454 



455 

456 

457 
458 

459 



460 
461 
462 

463 
464 



465 
466 

467 
468 

469 



470 

471 
472 
473 
474 



475 
476 

477 
478 
47? 
480 
481 
482 

483 
484 
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5530330045205730695 
1545 1667 1788 1910 



276028823003 3124 
3975409642184339 
5189 5311 5432 5554 
6403 6525 6646 6767 
76^7 7738 7860 7981 



554 004310164 028610407 
'25^>377, H981619 
2408 258^ 27 10 2832 
3680I3801 3922 4043 



5013 



5«34 



62246345 



5255 



4892 
6103 

73^7435755^17677 
8524864587668887 

9735985699770098 



5550944J1065 11861307 
2154227523962517 

33^3348436053726 

4572I4693 48144935 



1818 



8*97 

94049525 

0732 
>939 



3275 



89529073 



6989.711072317351 



83188438 



8762 



998410 106 
1327 



339635x8 



5902 6022 6143 6264 



8559 



9646 9767 9887 
08530974 
2060 2 1 8c 



1 



8885 



6207 

7427 
8646 

9864 



1083 
2300 



4735 
5952 



7169 
8385 
9601 
0816 
2031 



3246 
4461 

5675 
6889 

8102 



91949315 



0528 
1741 

2953 
4165 



S37^ 



64666587 

7798 
9008 

0219 



1428 
2638 

5847 
5056 



472 
j^68d 



1094 
2301 



511C 
6329 

7549 
8768 

9986 



9722J 
0938 
2153 



=895 
4118 

5341 

6563 

77^5 



0228 
1449 
267c 
389c 



3017 
4240 

5463 
6685 

7907 



1403 



9007 91299251 



1204 
2422 
3640 

4857 
6074 



7290 



8506 8628 



3368 
4582 

5796 
7010 

8224 



9437 
0650 

1862 
3074] 



034Q 



'549 

2759 
3968 

5176 

^385 



7593 
8801 

0008 

1215 

2422 



03S° 
*57M 
2792. 
4012 



3 

4363 

5585 
6808 

8029 



5232 

6451 

7671 

88 89 

0108 



1326 
2544 
3762 

4979 
6195 



7412 



98449965 
1059 *x8i 
2274 2396 



3489 



4704 



8345 



9558 
0771 

1983 
3>95 



42864407 

5497^618 
6708 

79'9 



V 



6829 

8046 



912992509371 



0461 



1670 
2880 
40S9 
297 



77»4 
8921 

0129 

'336 
2542 



1693 
2914 

4'34 



8 



2623384 
4485 4607 
57085830 
69307052 
81528274 

9373 9495 
047205940717 



181 



5 



D 



Pes. 



1937 



30363158 
42564378 



5354 

6573 

7792 
9011 



5476 
6695 

914 



023003520473 



1448 
2666 

3883 
5100 

63 '7 



7534 

8750 



361 1 

4825 

99186039J6161 

7132^7253 
8466 



?740 
6950 

8161 



0582 



1791 
3000 
4209 
5418 



6^0666266747 



78.34 
9042 

024.9 

1456 

2663 



91339255 



1570 
2788 
4005 
5222 
6439 



7655 
8871 

0087 

1302 

3732 

1947 



7374 
8588 



9679I9801I9922 

0892 
2104 

3316 

4528 



«oi3j 
2226 

3438 



5861 
7071 
8282 



94939614 

07020823 



1912 
3121 

433c> 
>S39 



7955 



5598 
6817 

8036 



122 

1 12 

2 24 

3—37 

4—49 
5-61 

^—73 
7—85 

8—98 

122t?'*''0 



1692 
2909 

4127 

5344 
6560 

7777 
3993 

0209 

142/;. 

2639 



3.854 
5068 

6282 

7496 

8709 



1x35 
2347 
3559 



46494770 



5982 

7>93 
8403 



2033 
3242 

445* 
5660 

6868 



3076 



91639284 
03700491 
1577 1698 



121 

l-r-12 

2 — -24 

3—3^ 

4—48 

5 — 60 

6—73 
7-85 

8--97 
9-109 



121 



2784 
8 



3Q04 
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I 12 

2 24 

3—36 
4— 4S 

—6c 
6-— 72 

1 — 84 
8— c6 
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36C0 
01 
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04. 



O 

5563025 

4231 

.5437 



7848 



05 9053 
065570257 
1461 
2665 

3^:69 



3146 
4352 

6643 6763 



7968 



07 

08 



09 



3610 
II 

12 

13 

»4| 



17 

i3 
19 



362c 
21 
22 

23 
241 



25 
26 

27 
28 

29 



3630 

3* 
32 
33 
34 



35 
3^ 
37 
38 

39 



3640 

4' 
42 
43 
441 
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46 

47 
48 

49 

mn 



9^73 
0378 

1582 

2786 

3989 



5072 
0275 

7477 
8680 



98810002. 



1203 



5581083 
2j84|a404 

3485 3605 
4686 4806 

58866006 



7086 
8285 



9484 9604 



5590683 
1882 



3080 
4278 

5476 
6673 



5^0 0262 
1458 
2654 



5044 
6239 

7433 
8627 

9821 



561 1014 
2207 

3399 
4592 

5784 



8167 

^ 9358 
562 0548 

«739 



5192 

^395 

759^^ 
83oo 



266 

4472 
5678 
6884 
8089 



0498 
1702 
2906 
4109 



3387 

4593 

5799 
7004I7 

8209 



3507 
47 H 
59>9 

!25 

«33o 



92949414 



0618 
1823 
3026 

4^30 



53>3 
6515 

7718 

8920I9 

0122 



1323 
2524 

3725 



7206 
8405 



0803 
2002 



3200 
4398 

15595 
6792 



787c 79S9 



•3320 

45^7 

57'5 
6912 

8109 



9066 91 86 9309 9425- 9545 



03^2 



38493969 



0502 
I578h697 

27731-893 



5164 

^^358 

7552 
^746 

9940 



"'33 

2326 

35>9 
471 1 

5903 



7094 
8286 

9477 
0667 

1858 



4.926 5046 



6126 



7326744617566 
8525 86458765 
972498449964 
0923 1043 1 163 

2I2I 2241 2361 



283 



6022 



7214 
8405 
9596 
0786 

»977 



5433 
563 

783K 

IO40I9 

0242 



5553 
66756 

7958 
160 

0362 



H43 
2644 

3845 



6246 6366 



3439 
4637 
5835 
7032 
8229 



0621 
1817 
5012 

4o8S]42o8 



5402 



64786597 
7O727791 
8866 
0059)0178 



1252 

2445 
3638 
483014949 



»372 
2565 



6141 



333 
8524 

97^ 
0905 

2090 



^534 

0739 

'943 
3H7 
4350 



^563 
2765 

3965 
5166 



3559 
4757 
5954 

7«5' 

8348 



<>74> 
«937 
3>32 

4327 



5522 
6716 
7911 
104 
0298 



»49» 
2684 



37573876 



5068 
6260 



7451 
8643 

5I9834 
1024 

2215 



362837493869 

483449555075 
6040 6160 628 1 



7245 
8450 



9655 
0859 

2063 

3267 

447c 



5673 
6876 

8079 

9281 

0482 



1684 
2885 



4085 4 

5286 

6486 



7685 
8885 
0084 
1283 
2481 



3679 
4877 



o 
2056 

5252 

4447 



5641 



8039 
9224 

104^7 



1610 

2803 
3996 
5188 
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8762 

9953 
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2334 



73^6 
8571 



9775 
0980 

2184 

3387 
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5794 
6996 
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9401 
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7117 

8319 
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5406 5526 5646 5766 
6606 6726 6846 6966 
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9005 
0204 
1402 
2601 



5799 
49965 



60746194 
727x7391 
8468 8588 



9664 9784 
860 098 



o 
2176 

337' 



5761 



6836I6955 
8149 

9343 



7 0( 



292 
4115 

5307 



8881 
0072 
1262 

2453 



7486 
8691 



9896 
1100 
2304 
J508 

47>« 



4I6034J6155 

7357 

8559 
9761 

0963 



7237 
8439 

9641 
30843 



1924 
5125 

4325 



7925 
9125 

0324 

1522 

2721 



iiooj 
2295 

349* 



53606560775 



73<^ ^H9 



23042 



6379 6499 6618 6737 6856 



769078097928 



0191 
1381 

2572 



8 



9653 



3990 

51 
6401 

7607 

8812 



001 
1221 

2 

3628 

4831 



60 



^37 
*34« 

42412545 
3748 
49521 



204412164 

3245 3365 
4445 4566 



8165 
9364 

44310563 
1762 



8045 

9245 
o 

1642J 

28402960 



39191403814158 

11652 
63146433 
75117630 
8707I8827 8947 



9904 0023 



12x9 

2415 
.-j6ioi373«^ 
4566|46S<^48o5)492c 



60006 



5880 

7075 
8269I8388 

9462 



7 '94 
8388 

k?582 



42344353' 
5426 

1 



3161 

4353 
5545 



8047 
9000191199238 



4111 

i'6 

6522 

7727 
8932 



36 5356 

6553 
7750 



0143, 
'339 
2534 



1191 

73'3 
8507 

9701 

0894 
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I— 12 

2 — 24. 

3—36 
4-48 

5 — 6c 

6—73 
-85 

8-97 
9-^109 



120 



id 



12a 
I— u 

2«^2i 

S—3^ 
4-48 

5 — 6c 

o — 7; 

T-.84 
8—9^ 
9-108 



1968 2087 



3280 

4472 
5664 



II 

031010429 
1500 1620 
2691I2810 

T 



M9 

D 



119 

I— 12 
2—24 

3—36 
4—48 

5-59 
6 — 71 

7-83 

8—95 
9-107 
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K, 36500 L> 5oi 



NumI 

S3 
541 



11 

57 
58 

12 



3660 
61 
62 

64 



65 

66 
68 

3670 

7> 
7* 



{6407400858 



76 
77 
78 
79 



|68o 
81 
82 

83 
84^ 



861 

87 
88 

89 



$622929 

4" 

5}o8 

6497 



3048 

814237 



8874 
563 0062 
IZ50 

^437 



54*7 ._. 

061667346853697 



7521 



8993 

1368 
25j6 



3624 3743 



3285 3405 
43 jP 4475 4594 



3167 

43j6 
5545 
6734 
7923 



9111 



1487 



3^01 



5664I5783 

2 

8161 



8042 



92309349 



0299 041 8 



x6o6 



2<>74 2793 



481 1 

5997 
7183J7302 

8369 8488 



492950485167 
6116(62346353 

7420 

8606 



955596739792 



^9H 
3169 

4*93 

5477 



73565 
74 



6661 
7844 
9027 
0209 

'39 



2043 
3227 
4412 

5595 

g^6897 



9145 9263 9381 



2573 
Z7SS 



8478 



5660838 
2017 
3196 



4375 

5553 
6731 

7909 



0977 1095 1 2 14 
2161 22802398 
334634643583 
453046484767 
571458325951 



7962 



0327 
151Q 



2692 
3873 



^93650545172 



61 17 6235 



0956 
*«35 



4493 
5671 



8027 



3980 



8080 



0446 
628 



05640682 



28id 
399 ^ 



6353 



7298741675347652 



85968714 



9658977698940012 



1074J 
2253 



33H343* 



4611 
5789 



68496967 



3690 

9> 
92 

93 
^41 



908792049322944^9557 



56702640381 



5P 

97 
98 



Num 



1440 

2617 

3793 



7320 
8495 






8145 



»558| 

P73S 
391 1 



4969 5086 



7437 



7539 
8725 

99101 



0537 
1725 

2912 

4099 



70I6 
8199 



1746 



2928 
^109 
5291 
6471 



8832 



1192 
2371 

3550 



4728 



7085 
8262 



5285 

6472 
7658 

8843 

0029 



71341 
8317 

9500 



1864 



3046 
4228 

5409 
6589 

7770 



8950 
0130 
1310 

2489 
3668 



4846 



5907 6025 



07 341 
1911 



0^990617 
1676 1793 
28522970J3087 
402841464263 
5204I5322I5439 



7202 
8380 



6144626263796497 



095680843 



966997869904 



86128729 



0961 



JL«i 



7555 



1078 



7672 

8847 

0021 
1195 



6614 
7790 
8964 
0139 
1313 



3523 

147*3 
5902 

7091 

8280 



9468 



9S^7 



065607740893 



1843 
3030 
14217 



896290809199 
01 4710266 0384 



5404 



6590 6709 



7776 



1332 
2517 
3701 

0069 



7252 

8435 
961 



080009 
1982 



5527 
6708 

7888 



90689186 



0248 
1428 
2607 
3786I 



6142 

73fio 
8498 

9675 



0852 
2029 
3205 
4381 
5557 



3643 
4832 

6021 

7210 

8398 



3761 

495 « 
6x40 

7329 

8517 



I 



1962 
3M9 



43364455 



5523 



7895 



H51 
2635 

3820 
5004 
6187 



737^ 
8554 



89736 



'9 
2101 



31643282 
4346 4464 



5645 
6826 

8006 



0366 

«545 

2725 

3903 



4964 5082 



7438 



9793 



9705 



208l 



_8 

3880 3999 
5070I5189 
6259 

7448 
8636 



9824 
1012 
2199 



32683387 



5641 
6828 
8013 



1569 

2754 

3938 
;i22 

6306 



7489 

8672 

9855 
1037 

2219 



3401 
4582 

5763 
6944 

8124 



9304 
0484 
1663 
2842 
4021 
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62606378 



7556 



4573 



6378 
7566 

875 s. 
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1131 

2318 

3505 
4692 



5760 
6946 
8132 

93^7 
0503 



i68h 
2872 
405c 
5.24c 
6424 



7607 
879c 

9973 
2337 



35>9 

4700 

5881 
7062 

8247 



9422 
0602 
1781 
296c 

4139 



86168733 



9911 



0970 
2146 
3323 

4499 
5674 



6732 
7907 



6850 
8025 



1087 
2264 
3440 
4616 

5792 



90829199 



0256 
1430 



6967 
8142 

h;3«7 



J3I8 

6496 

7674 
8851 

0028 



5879I 

7065 
8251 

943^ 
0621 



1806I 
2991 

t'75 

53591 

6542 



'72$ 

8908 
0091 
1273 

2455 



3637 
+818 

5999 
7180 

8360 



9540 
0720 
1899 
3078 

4257 

5435 
6614 

779» 
8969 

0146 



1205 
2382 

3558 

♦734 
5909 
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0374P49> 
i66q 



7085 
8260 
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1323 
2499 

3675 
4851 

6027 



7202 

8377 
943419552 



0608 
1782 

8 



0726 
1 900 
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119 

! — 12 

2 24 

3 — 36 

4—4 

5—59 

6—71 

7—83 

8-95 
9-107 



118 
—12 
2—24 

3—35 
4—47 

6 — 71 

7-- 83 

8-94 
9-106 



117 

1—12 
2—23 

3—35 

4—47 

5-58I 
5—70 

7—82 

3—94 
9-105 
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N. 37000 L.568 



Num 



37oq 
01 

Q2 



I 



03 
0+ 



568 2017 

4364 
5537 



05 
06 

08 
09 



3710 
II 
12 

13 



'5 

16 

«7 

18 

19 



3720 
21 
22 

23 
24 



25 

26 

27 

2S 
29 



67100827 



7882 7999 
9O549I7I 
56902260343 
1397 I5I4 

2568 z6% 



3739 
4910 

60806197 



7249 
__84i9 

9588 

570075: 
1926 

3094 
4262 



97059822 
0874(0991 
2159 

3327 
4495 



5429 

6597 

7764 
893c 

571009; 



1263 
2429 

3594 

4759 
5924 



3730 

3' 
32 

33 
34 



35 
3^ 
37 
38 
39 



7088 
8252 



5720580 

«743 



3740 

4' 
42 

43 
44 



45 
46 

47 
48 

Num 



2906 
4069 
5231 

6393 

7555 



8716 

9877 

573 '038 

2198 

3358 



2'35 



330K3425 



4481 
5654 



4599 
5772 
6944 7061 



928^^94069523 



3856 



5027 



7366 

8536 



5261 

6314I6431 



2042 
3211 

4379 



554^ 



671368306947 



0213 



1379 

2545 
3710 

4«75 



7205 
8369 



94>69533 



0696 

1859 



3022 



5347 
6509 

7671 



4518 
5678 
6837 
7996 

9^54 



o 



8832 

9993 
1 154 

2314 
3474 



4634 

5794 

^953 
8112 

9270 



2252 



8117 



04600577 



1631 

2802 



3973 
5144 



7483 
8653 



5663 



78807997 



904791649280 
033c 0447 



1496 
2662 

3827 

+992 



60406157 



7321 
8485 

9649 

0813 

1976 



3139 



41854301 



5463 
6625 

7787 



8948 
0109 
1270 
2430 

3590 



2369 

3543 
4716 



58896006 
7«79 



^234 



'749 
2920 



0694 
1866 

3037 



4090 4207 



7600 
8770 



9939 
1 108 

2276 

34441 
4612 



780 



8114 



1612 

2778 

3943 
5108 

6273 

7438 
8602 

9765 
0929 

2092 



3255 

44«7 
5580 

6741 

7903 



0225 
1386 
2546 
3706 



4750 



4866 



59io[6o25 

7185 
8343 



I 



7069 
8228 
9386 



2487 
366c 

4833 



8351 



5378 
6548 

77'7 
8887 



0056 
1224 

2393 
3561 

4729 



5896 
7063 
8230 

939; 
0563 



1729 
2895 
4060 
5225 
6390 



7554 
8718 

9882 

1045 

2208 



n7^ 

4534 
5696 

6858 

8019 



90649180 



0341 
1502 
2662 
3822 



4982 
6141 

7300 
8459 



95029618 

Trr 



2604 

3777 

495' 
6123 

7296 



846b 
964c 
0812 
1983 

3J54 

4324I444' 



8585 

9757 
0929 

2 ICO 2217 

32713388 



5495 
6665 

7834I 



9004I9 1 2019237 
0406 



017 

'34' 

25' 

3678 

4846 



807 



6013 

71 

8347 

95'4 

0680 



0289 
[1458 
2627 

3795 
4962 

6130 

29 



1846 
;307i 

4' 



764 



3487 
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108259,57142 



107921,17 
107584,88 
107250,70 
106915,59 
106588,54 
106260,54 



41 

40 

39 
:>^ 
37 
36 



io5934>55 
105610,57 

105288,57 

104968,54 

104650,46 



3100 
3060 
3021 
2981 
2943 
2903 



2S65 

282" 

27SS 

2 

2713 

2675 



11.0093398 
11.C080571 
^'^^^ ^10067783 
'•^^11. 0055032 
11.C042319 
11.0029644 



263S 
2601 
2565 
2527 
2492 

2455 



2419 
2383 
2348 
2312 
2278 
2242 



2207 

ii73 
2139 

2104 

2070 

2037 



I r^ai2427 1 1104334,31 

11.0171171 
11.0158111 
II. 0145090 
11.0132101^ 
11.0119166 
11.0106263 



104020,07 
103707,72 
103397,26 
103088,66 
102781,90 
102 476.97 

102173,86 
101872,54 

101573,00 
101275,22 
100979,20 
100684,91 



11.00 I 7006 
11.OC04405 
10.9991840 
10.99:9313 
10.9966821 
T0.9954366 



bifr 



10.9941947 
10.9929564 
10.9917216 
10.9904904 
10.9892626 
10.9880384 

10.9S68177 
10.9856004 
10.9843S65 
10.-^831761 
10.9S19691 
10.9807654 



L. Sec. 



35 
34 
33 

3* 

3' 
30 

29 

28 

27 
26 

25 
24 



^3 
22 

21 

20 

'9 
18 



100392,3417 
100101,47 '6 
998122,91 15 

995^4,7S7>4 

99*35,943,13 
98954,74411^ 



98672,176111 

98391,227 

98111,880 

97834>i24 
97557,944 
97*^'3m2^ 



10 

9 

8 

7 
6 



97010,260 

96738,730 4 

96468,724 3 

96200,229 2 

95933>?33 i 

95^^7*7-" o 

NrSccTlM 



8a Degv^es. 



Ml N. Tan . 

874,«S7 



I 



* • 



8 

9 

10 

11 
12 

11 



913,0048.9^47*^ 

14I 915*938 ^•96'*^59 
918,8718.9631545 

92i>8o4 8.9646388 

924,738 8.9660188 

927,6728.9673944 



'5 

16 

»7 
18 



19 

20 

21 

12 

23 
»4 

»5 
26 

*7 

28 

29 

30 



3' 
3» 
33 
34 

35 

i5 
37 
38 

39 

40 

4? 
42 



43 

44 

45 
46 

47 

i? 
49 

o 

5' 

5* 
53 
54 



55 
56 

57 
58 

59 

60 



.. Tan . 
8.94195 



fe 



i 



877,818 

880,749 
885,681 

S86,6i2 



8.9434044 

8.94485*3 
8.9462954 

8.9477338; 
889,544|8-949»676 
892,476 8. 9 50596 ^ 



895,4088.9520211 
898,341 8.9534410 
901,273 8.9548564 
904,206 8.9562672 

907*^38 ^-9576735 
910,071 8.9590754 



930,606 8.9687658 

933»54o**970i33o 

936,4748.97*4959 
•939,4098.9728547 

942,3448.9742092 
945,2788.9755597 



948,2138.9769060 
951,1488.9782483 

954,084^-9795865 
957»oi9 ^'9809*06 

959*955 ^•9*"507 
962,8908.9835769 



145*6 

4479 
4431 
4384 
4338 
14J91 



4*44 
4299 

4154 
41C8 

4063 
14019 



965,8268.9848991 
968,7638.9862173 
971,6998.9875317! 
974,635^-98884211 

977*57* ^•990H87; 
980,509 8.99*45 H 



983,4468.99*7503. 
986,3838.9940454; 
989,3208.9953367 

992,2578.9966243 
995*195 ^•99790811 
998,1338.9991883' 



001,071 9-0004647 

004,0099-0017375 
006,947 9.0030066 

009,8869.00427*1 
012,8249-0055340 

01 5,763 9.'>o67924 



018,7029-0080471 
021,6419-0092984 
024,5809-0105461 

O27,52o9-oil79'^3 
030,4609-0130310 

033,3999-014*^^82 



036; 340 9-01550*1 
039,2809-0167315 

042,220 9-oi795SJ^4 
045,1619-019^831 

048,1019.0204033 

10^1,0429.0216202 



Co-tangents Diff. 



3974 
3931 

38S6 

3843 
3SC0 

3756 



3714 
3672 
3629 

358S 

3545 

3505 



3463 

34*3 

3382 

3341 
3301 

3262 



3222 
3*82p 

3»44| 

3*04: 
3066 

3027 



2989 

2951 

*9i3t 

2S-C 



«( 



283 

2Sc2i 



276i 
272S 
2691 
2655 
2619 
2584 



*547 
*5*3 
*47- 
2442 

2407 
2372 



*339 

*3^ 
2269 

2237 

2202 

2169 



c Deitrees. 



1 .<hS.I7» 9 

1 IDJt/STO 9. 

j iosj,9«; ». 
411056,8569. 

5'059,74S9. 
fi ion:,64i 9^ 



1 ■°:9.9»4 j' 
i io£j,6&9 



'iS74i- I 

'jSot77,. 
.391966 ,. 
9.04034M - 
ioo,iM9-*M'435> . 
' 9.04161+9 ,, 
9.04J7S17 ,_ 
9-o«4'9;4lii 
9-04601 " 



I ioJ,9oS 

1111,799 

1114,689 9 .04715^3 - 



:: 9.0549661 ., 

)i 9.0571713 



1160,919 
i!6i,g • 



m39,Ei6 

1191,704 
"9i.!91 

1198,4s, 



5509 i< 
9.o6i6]S6 „ 
9-o6l7335 1, 
9.0648057 „ 
9.0655551 ., 
.0669619 - 
9.06S0360 ,^ 
9.0691074 ,( 
9.07017' 
9.0711411 

3=55 1. 
9.0733663 - 

"744144 iq 
9'07S4759 j, 
9.0765319 ,, 
9.077CS11 
9.O7S63I0 

.0796761 



9.08c 



4 9-o*'7S9' 
,1 9.0S17966 
99.0838317 
16 9.0848643 
, 3 9.0858945 



6 Degrees 

eo-li:^^n's 
98076 541956^7,; 

9J95*S*|95403,'*' 

,9fK36sj 95141, 
.977'74694S79., . 
■9759^194610.19* 
974797S'943'»<033 



9736135 
9;M33! 



9'S55.1o( 
9.611,980 
91369,949 



.9631041 
' 9S»3 

1.9608^34 
1.9596576 
1.953514890889,715 
'■95737S'90«S'.S'» 
1.9561383 9<H'4,SJJ 
1.955 io46l90i7!,!37 
>-9539739;i^9944,3!4 
1.9 518461 189711^95 

>.9S'71I,48m79: 
1.9505995139^48,... 
..9494S06IS90 18,567 
1.9481646*^790,109 
>947"5'J 



94 *05. 

93S49-738 

93595,6^1 

93343,006 

93^91,699 

91841,749 

9»i93.'4S 




L. Sec. ■ I N. Sec. M 

83 DsgrecsT 



i| I. Tan. 

10 51, 04 1 J9 .01 1 6&OI 

■053.9*3! 
' 05^.915 
1059,866 

io6i,£o8| 

i"*s... 
1 1068,69: 

1074,576 

>077fS'9 

io8o,+6i 
1083.405! 
1086.348 



Diff. l 



0S9.19. 

'9*.»3< , 

,95,178 



41O9: 



1151511 
1164548 
1176551 ^ 
1188514 -^ 
.3004*4, 
|9-oji 
9.0314149 
I9.03 36093 I 
'34790' , 
135 9688 
|9-037I4J9 ,1 
,- lSj'S9,i 
9,039+843 



^ 

'9*^. 



1114,615] 
'"7.571 
"30.S'7 
"13^463 
1 1 36,411 
"39.35< 
1141,303! 
"45.»5', 
1148,197! 
1151,14. 
"54.09. 
■' 57.03 ' 

"smS?! 
1161,936 

1165.884 
1168,83: 



9.0464341 ,J 
19.04758" 

[9.0487170 

4^86*9-. 
.51007*1' 
'S^H39, 
t9-'>S3*77' 

'S+4074,, 
'5SS349 , 

5 ^6595! - 
!9.os7-;3n 

!9.oaocii64 
l9o6i[i97 

;9. 061 140 J 

9-0 63348; 

k'»*44S3J 
9.0655556 
9-0666553 
9.0677511 

,0688465 
0699 3^' 



1186,518 

1189,478 
i'9'.4i8 



rq 9.0710171 
,89.0711133 
9.0731969 , 
9.0741779 
9.0753563 

7643; 
9-0775053 
9.0785760 
9-0796441 
9.0S07096 



10997 
0969 
'0943 

loBSg 
10S6} 
10836 



[113.0859 
1116,0369 
1118,988 9 



Co- tangent 



io6q} 

10580 



DifF. l 



12x36 
X2103 
X2069 
12038 
12004 
11972 



1 1940 
1 1909 
11876 

11844 
11813 
1 1782 



11751 
1 1720 
116S9 
11658 
116^8 
I? 597 



11568 

»'S37 
11507 

11478 

11449 

H4'9 



11389 
II361 
H332 

11303 
11275 
11246 



11218 
1 1189 
1 1 162 
11133 
II 106 
11079 



105 

I TO! 3 

10997 
10969 

10943 
XO916 



I0S89 
10863 
10836 
108x0 

i07?4 
10758 



10732 

10707 

106S 

10655 

10630 

10605 



10580 
«05S5 



io5o< 
I04g< 

1045; 



Co-t angents 
,9783798 95'43>^4S 



.9771662 94878>i49 
•.9759559 946 14>> 16 

•9747490 9435 '>53* 
•973543* 94090,384 
».97a3448 93830.663 

>.97ii476 9357*>355 



0.9C99536933151450 
0.9687627 93059*936 
0.9675751 9*805,802 
0.9663907 9»553>035 ^ 
0.9652094 92301)627 49 
o. 96403 1 2 9*0512564. 48 



io«o — y-^^JJ-r 

'^ 10.9X40004 



60 

59 

58 

57 

S6| 

55 

541 

53 
5» 
5> 
50 



0.928973084912,77217 
0.927886784700,651 16 
0.9268031 844.89,573 15 
0.9257221 84279,531 14 
0.9246437 84070,5x5 13 
0.923567 9 83862,519 12 

0.922494783655,53611 
0.921424083449,558 10 
0.920355983244,577 9 
0.9x9290483040,586 8 
0.918227482837,579 - 
0.9171 669 82635,54 7 

0.916108982434,485 5 

0.9150534 8"34>384 4 



0.962856)9*802,83847 
0.9616841 9Z555>436 46 
0.9605 1 52 9 1 3^9' 348 45 
0.9593494 9*064,56444 
0.958 1 866 9082 1,074 43 
0.9570269 90578,867 42 

0.9558701 90337>933 4J 
0.9547x64 90098,261 40 
0.9535657 89859,843 39 
0.9524x79 89622,668 38 
0.951273089386,726 37 
0.9501311 89152,009 36 

0.9489922 88918,505 35 
0.9478561 88686,206 34| 
0.9467229 88455,103 33 
0.9455926 88225,186 32 
0.944465x87996,44631 
0.9433405 87768,87 4 30 

0.9422x87 87542^6x 29 
0.94x0998 87317,198 28 
0.9399836 87093,07^ 27 
0.9388703 86870,088 26 
0.9377597 86648,223 25 
0.9366518 86427,475 24 

0.9355467 86207,833 23 
0.9344444 85989,290 22 
0.9333447 8577*1838 a» 
0.9322478 85555,468 20 

o.93"535 85340,17* »9 
0.9300619 85x25,943 18 



0.9129499 

0.91190x9 

,.0.^108162 



82035,239) 3 
81837,041 
81639,786 
81443^464 

N.Tang. M 



mum 



6 Degrees,' 



- F 



N. Sec. 
0055,083 



1 

2 

3 

4 

5 
J6 

7 
8 

9 

10 

11 
12 

>3 

^4^ 

»5 

16 

17 
18 

>9 
20I 

21 

22 

23 

*4 

»5 
26 

17 
28 

29 

30 

3J 

3* 
33 
34 
35 
1^ 
37 
38 

39 
40 

4« 
4f 

43 
44 
*5 
46 
47 



49 
50 

5' 
5* 
53 
54- 

55 
56 

S7 
58 

59 

6c 






0055,391 
0055,699 
0056,009 
0056,319 
0056,631 
0056,943 



0057,256 
0057,570 
0057,885 
0058,200 
0058,517 
0058,834 



<^059,i53 
0059,472 
0059,792 
0060,113 
0060,435 
0060,757 



0061,081 
0061,405 
0061,731 
0062,057 
0062,384 
0062,712 



0063,040 
0063,370 
0063,701 
0064,032 
0064,364 
0064,697 



0065,031 
0065,366 
0065,702 
0066,039 
0066,376 
0066,714 



0067,054 
0067,394 
0067,735 
0068,077 
0068,419 
0068,763 



0069,108 
0069,453 
0069,799 
0070,146 
0070,494 
0070,843 



0071,193 

0071,544 
0071,89^ 

0072,248 

0072,601 

c o7*>955 
0073,310 
0073,666 
0074,023 
0074,380 
0074,739 
0075,098 



L. Sec. I jy 

132 



0.0023857 



0.0023989 
0.0024123 
0.0024257 
0.0024391 
0.0024525 
0.0024660 



1349.99760x1 



134 

'34 



M5 



o.oo24f95 
0.0024931 
o.oo25oiS7 
0.0025203 
0.0025340 
0.0025477 



0.0025614 
0.0025752 
0.C025890 
0.0026029 
0.0026167 
0.0026307 



0.0026446 
0.0026586 
0.0026727 
0.0026868 
0.0027009 
0.0027150 



0.0027292 
0.0027434 
0.0027577 
0.0027720 
0.0027S63 
0.002S007 



0.0028151 
0.0028296 
0.002S441 
0.00285S6 
0.0028732 
0.0028878 



0.0029024 
0.0029171 
0.0029318 
0.0029465 
0.00296x3 
0.002976] 



0.0029910 
0.009C059 

O.O<^O208 

0.0030358 
0.0030508 
0.0030658 



135 

136 

136 

136 

137 
137 



Co-iines 



^04mi 



9.9976143 



9-9975877 

9-9975743 



134 9-9975609 



9-9975475 
9.9975340 



137 
138 
138 

139 
138 

140 



139 
140 
141 
141 
141 
141 



142 
142 

H3 
H3 
143 
144 

144 

H5 

»45 

H5 
146 

146 



146 

'47 

H7 

>47 
148 

148 



149 

149 
149 
150 
150 

150 



0.0030809 
0.0030960 
0.003 11 12 
0.0031264 

0.003 T^}6 

0.0031569 



Lo-lecants 



0.0031722 

0.0031875 

0.0032029 

0.00321831,^5 

0.0032338!^ 

'"' D 



'5' 

'5J 

152 

'5* 
«5* 
153 



»53 
'53 
'54 
'54 
'55 



0.003249 



9.9975205 
9.9975069 

9-9974933 
9-9974797 
9.9974660 

9.99745*3 



9945,2x9 60 



9944*9'4 
9944,609 

9944*303 
9943.996 
9943,688 

9943>379 

9943*070 

994**760 

994**448 

994** '36 

9941*8*3 
9941,510 



9.9974386 
9.9974248 
9.9974110 
9.9973971 

9-9973833 
99973693 



9-9973554 
9.9973414 

9.9973273 

9.9973132 

9.9972991 

9.9972850 



9937*355 



9.9972708 
9.9972566 
9.9972423 

9.99722809936.375 
9936.047 

9935>7'9 



9,9972137 
9.9971993 



9.9971849 



9.99717049935,058 



9-997'559 



9.99714149934,395 



9.9971268 
9.9971122 



9.9970976 
9.9970829 
9.9970682 

9-99*70535 
9.9970387 

9.9970239 



9.9970090 
9.9969941 
9.9969792 
9.9969642 
9.9969492 
9.9969342 



9.9969191 
9.9969040 
9.9968888 
9.9968736 
9.9968584 



994'*'95 .. 
9940,880146 

9940,563 
9940,246 

9939*9*8 
9939,610 



45 
4^ 
43 
4a 

9939**90 4 J 

9938.9694^ 
9938*648 3c 

9938,3*6 3^ 
9938*003 37 

9937*679 



9935*389 



9934*7*7 



9937*0*9 3^ 
9936,703 33 

32 
3' 

15 
*S 

2S 
27 
26 

*f 

2". 

23 
2] 
2C 
I( 



9934*062 
9933*7*8 



9933*393 

9933*057 

993**7*' 

993**384 

993**045 
993'*7o6 



9931*367 
993'»026 
9930,685 

9930,34* 
9929,999 
99*9,655 



99*9*3'o 
99*8,965 

99*8,6x8 

9928,271 

9927,922 



9.906843199*7*573 



9.996S278 
9.996S125 
9.99679^71 



9927,224 
9926,87^ 
99*6,52' 



9.9967817 9926,169 
9.9967662 9925,816 
9.9907^0719925,4.62 



|L. Sine. (N. Sine 



59 

58 

57 
S6 

55 
If 
53 
52 
5' 
5c 
49 
48 

47 



35 



': 

Ik 

l; 
li 
I 
li 

I 

V 



I 
I 

J 

li 



S3 Degr:cs# 



7 Degrees. 




1361,919 

■36!.So 
i]6S,6S 

54 '374.H5 



S! "377,317 9-i39°370 

56 ijSo,»o!i 9.11199445 

57 i3*3<oS9j.i4oSjoi 

58 'J8si970 J- 1417537 

59 'jB8,Sso9-i4»SS55 
'- '39'»7i' 9. '435553 



Co-imes 



8998 . 
Diff. 



1.K6096JC ;.„„,„, ^ 
.860015571-451,859 
.859149971301,940 
.85814637115 • 

■8573445 7»oo..,," 
12856444771851^965 



MMTan'I't. Tan. 



82 Dqgreee. 



L7,g46 [ 9.ogg 14^8 
.0911177 



[130,798 
'»31.7il 
rij6,705 
[239,658 

ri45^ 

:i48.Sio 
;i5'.474 
154.419 
»i7.384 
160,339 
-'^_ 

"75."; 

:i7 8,071 

:iSi,. 

i3j^6 

186,943 

:i89,9oo 
»9i,853 
'^95,815 

"198,773 
301.73 
304,690 

1307,648 
310,607 
313.5669- 
-t6^S 



3 "9.484 
3»».+ 

3*5.40419, 
318,364 
3J',3M i- 
334.»85 



355.015 

357.978,. 
360,940 9. 
363,903 

366,866 
369,8 



371.793 

375,757 

J78,7»i. 

3^1,6859. 

384,650 



[390,58. 
'393,545 
[396,510 
'399.476 
[401,441 
[405.408 



■0911660 
.0933010 
■°9433S5 
.0953667 
.0963955 
.0974119 
.0984460 
.0994678 

.1015044 
.1015.9; 
.1035317 
•10454*' 
■'°Si5" 
,1065557 
•'°7559' 

.1095594 
.110556: 
.1115508 
...1543, 
■"3533 3 
.1145113 
.1155071 
.1164909 
■74714 
184518 



1104043 
"11773 
111348; 
113317: 
1141839 
•"5Mg6 

^1171718 

.11813 

.1190368 

.1300413 

■,; 3°9937 

.1319441 

133839^ 
■3478 J 5 
1357160 
1366665 
1376051 
1385417 
1394764 
1404091 
1413400 



.1450441 
.1459655 
, 146SS49 
■I478. 



lOjgj 



82 Degrees. 



M'N.buK I L. Sine 
'■»iiti.' 9 '*3S5S1 

7.49» 9-'*S3493 
o,37» 9.146J43S 
.1405,151 9,147135s 
, i4o6.'3» 9.14*0: ' 
9,011 9.1 489148 
1,891 9.i498< 
4,771 9.1505864 
7.651 9-'S'i694 
J'4«>.Sl'9-'5i4J07 
J ■4i3,+i0 9..5ij3, 
1l|i 4i6,iK9 9.1541076 
i3|i4i9,i6g9.i^S^ 
,0479,155557. 
"5|i4]4.9»6 9.i563i96 
1 1437,8059,15-7000 
.0,6849.1585686 
li443^9JS94354 
I I446,44o'9.i6ojoo5 
' '449.3'9 9'6"639 

,"97,9'*J 
■'45S.<=7S9-"6»8853 
I '45;.9S3;9-'*37434 
I 1460,830 9.1645995 



49 



!4*3.7o8i9.i6s4S44g 

1466,5855.1663074, 

I469.46)9.i67i586' 

r47i,34o'9.i<8oo8i 

i47S.i'7;9.i638s59 

'478.094 9- '*>97' 

1480,971 '9. 1705465 



1489,6019.1730699 
■49».477 9.773907; 
'49 5.353 9^ 



1498,1 30 9-'75S7S4 
501,106 9.1764111 
50^,9819.1771415 
5=6,8579.178071. 
5o9.733|9-"S90o: 
511,608 9.1797165 

515,48419.18055; 
518,359.9,1813744 



'34J9."i 



!?-! 



5i6,9349.r83S344u ,3 
ii9^ !M846_SI? 
.. 53i.735l5-'»5466s'^'5' 
50]i53(,6c7|9.i36i8oi:*: 
511538,4819.187091,1^ 

."".o9..8»7.< 




8 Degrees.' 




81 Degrees. 



N.Tan . L. f^. 
1405,408 

'*>>.37S9.I4*7"8: 
9,14963! 
50544; 
S'4S4L 
513617 

5i'*9* 

1416,17919.1541739 



10 1435'OM 9->s68773 gg^ j 

894^ 
- ... . S91J 
9.1604569850^ 



■9.16:.,., 

i4SS.*7»9'63'i3 
458,841 ).i64oog3 



i443>99 
1446,96 
i449>93' 



503.433 
506,408 
J09.383 
1^^358 



559.998 
361,978 

568,5,9 



J7774» 
586706 
595646 



1494,5109.17449 88 



iSiiiol 
[830595 
1839068 
'8475^5 
9.1855966 
- -864391 
.871801 



}.iS8ii96g: 



... ,9-'8S957S 

548,08219.1 8979 39 
55 1,06: 



906187 

9M6i 

911939 

9,1931 

^1939519 

9,1956059 



:S7",9'9 )''9643< 
9.197353. 
3.1980743 



574.9''' 

577.88. 

58"." ., . . 

583,844(9,19971: 



8 Degrees. 

|Mi"T'""" 



8 1 Degrees. 



T tz 



1" 

1 

2 

3 
4 

5 
6 

7 
8 

9 

lo 

II 

X2 

J 3 
14 

lis 

i6 

17 
j3 



N. Sine 

'j64£345 
1567,218 
1570,091 
1572,963 

'575*836 
1578,708 

1581,581 



1584.453 
1587,325 

1590,197 

1593,069 

' 595*940 

1598,812 

1601,683 
1604,555 



L. Sine 
9.1943324 



9 Defyrees. 



9.1951293 

9.1959*47 
9.1967186 

9.1975110 

9.1983019 

9.1990913 



DiiF! 



Co-fecants 



■ 1^ 



7969 

79541 
7939 
79*4| 
7909 

7894 



10.8056676 

10.8048707 
10*8040753 
io,8o3»8i4 



63807,347 

63690,595 

. 63574>2^76 

10.8024890 63458,386 



9.1998793 
9.2006658 
9.2014509 
9.2022345 
9.2030167 
9.2037974 



7880 
7865 
7851 
7836 
7822 
7807 



10.80x6981 
10.8009087 



639a4»53* 



'9 

20 

21 

22 



1613,167 

i6i6„038 



9.2045766 

9'^53545 

1607,4269.2061309 

1610,2979*2069059 



7792 

7779 



10.8001207 
10.799334a 

10.7985491 
10.7977655 

10.7969833 

10.7962026 



6334*>9*3 
63227,884 



60 

59 
5» 
57 
56 

55 

541 



9.2076795 
9.208^4516 



,,,_io.7954a34i 

7764 10.7946455 
10.793869X 

10.7930941 

10.7923205 



63ii3,2%53 
62999,073 5^ 
62885,295 51 
62771,933 50 
63658,984,49 
62 546,446 4S 

62434,31647 
62322,59446 



1618,909 
1621,779 
1624,650 
1627,520 
*3]i630,39o 
1633,260 



24J 

as 
26 

27 

28 

29 

30 

31 

32 

33 

34 

35 
36 



9.2092224 
9.2099917 
9.2107597 
9.2115263 

9.21229141^638 
9.2130552 



3/ 
3^ 
39 
40 

41 
4i 

4 

44 

45 
46 

4 
4_8 

49 
50 
51 
5a 
53 
54 

55 
56 

57 

58 

59 
60 



1636,129 
1638,999 
1641,868 
1644,738 
1647,607 
1650,476 



7750 

7736 
7721 

7708 
7693 
7680 
7666 

7651 



10-791548461879,725 



62211,27545 
62100,3^9^441 
61989,84343 
42 



9.2138176 
9.2145787 

9.ai53384 
9.2160967 

9.2168536 

9.2176092 



1653*345 
1656,214 



9.2183635 
9.2191164 



i.659,o82'9>2i9868o 



1661,951 
1664,819 
1667,687 



9.2206182 
9.221367J 
9/2221x47 



7624 
7611 

7597 
7583 
7569 

7556 

7543 

7519 
7516 

7502 

74S9 

7476 



1670,556 
1673,423 
1676,291 

1679*159 
1^^82,026 

1684,894 



9.2228609 
9.2236059 

9."43495 
9.2250918 

9.2258328 

9.2265725 



10.7907776 
10.7900083 
1(^.7892403 
10.7884737 
10.7877086 
10.7869448 

10.7861824 
10.7854213 
10.7846616 
10.7839033 
10.7831464 
10.7823908 



61770,003 
61660,674 
61551,736 
61443,189 
61335,028 
6x227,253 



1687,761 
1690,628 

'693*495 
1696,362 

1699,228 

1702,095 



1704,961 



9.2273 1 10 
9.2280481 
9.2287839 
9.2295185 
9.23O2518 
9.2309838 



9-2317145 



1707,8289.232444c 
1710,694,9.2331722 



1713,560 
1716,425 

;7^9*a9i 
1722,156 
1725,021 
'727,887 

1730*752 
1731,617 

1736,482 



9.2338992 
9.2346249 

9-a353494 



9.2360726 
9.2367946 
9.2375153 
9.2382349 
9.238953.1 
9.2396702 



CO-flQCS 



7462 

745<^ 
7436 
7423 
7410 

7397 



7385 

7371 

7358 

7346 

7333 
731c 



7307 
7295 
7282 
7270 

7257 
245 



7232 
7220 

7207 
7196 
7183 
7170 



61x19,861 
61012,850 
60906,219 

60799,964 
60694,085 

60588,580 



10.7816365 
10.7808836 
10.780132c 
10.7793818 
10.7786329 
10.7778853 



10.7771391 
10.7763941 

10 7756505 
10.7749082 
10.7741672 

10.7734275 



60483,445 
60378,680 
60274,282 
60170,250 
60066,581 
59963.274*24 

23 



10.7726890 59250,095 

10.7719519 

ro.7712161 

10.7704815 

10.7697482 

10.7690162 



10.7682855 
10.7675560 
10.7668278 
10.7661008 

'0.7653751 
10.7646506 

10.7639274 
10.7632054 
10.7624847 
10.7617651 
10.7610468 
10.7603298 



Diff La. Sec. 



41 
4^ 

39 
38 

37 

3^ 
35 

34^ 

33 
3a 

31 

30 



29 
28 
27 
26 

25 



59860,326 

59757*737 aa 
59655*50421 
59553*62520 
59452,098119 
59350,922 



ij 

17 
59i49*6i4]'6 

59049*479 15 
58949,.688 14 

58850,238 13 
58 75^,128 ,12 

58652,356 11 

5^553*9^' 'o 
58455*^20 9 
58358,053 8 
58260,617 

5£'_6j^5_^ 
58066,732 
57970,280 

57874,153 
57778,350 

57682,867 

57587,705 

N. Sec. IM 



MH. Tan. 



'• I ^Tf 



L. Tan. 



1583*844 9. 1997 '^5 



EHff 

U169 
1586,82619.2905294 8155 

1589,8099.2013449 8is9 
3[i592,79i)9.ao^^588 Si^^ 

4 1595*774 9*ao*97 14 ill I 

1598,7579.^0^78*58097 
6 1601,740 9.2 045922 j^ 



7 
S 

9 

xo 

XI 
12 



1604,724 9.2054004 ^^J 
1607,^708 9,2062072 gjj^^ 
1610,692 9.2070x26 2039 
9.2078165 
9,2086191 
9.2094x03 



16X3,677 
1616^662 



619,647 



13 
14 

15 

16 

17^ 
18 

19 

20 

21 

22 

^3 
14 

^5 
26 

27 
28 

29 

^o 



1634,576 
1637; 



8026 
801X 



1622^632 
1625^618 
X 628,603 
1631,59019.2x26109 

9.2x34051 



5^3^:? 



14X980^ 



1640,^50 

1643*537 
1646,525 

1649,5x3 



31 

3a 

33 
34 

n 

37 

38 

39 
4c 

41 
42 

43 

44 

45 
46 

47 
48 

49 

50 
51 

52 

53 
54 

55 

56 

57 

58 

59 
60 



9.2149894 

9.1^5^795 
9.2165683 

9.21735561786! 



1652,50119.2181417 
1^55,489 



1658,478 
1661,4^7 

1664,456 

1 66 7« 446 

1670,436 

1673,42 6 

1676,417 
1679,407 
1682,398 
1685,396 
1688,381 
1691,373 



9^189264^^ 



9.2197097^820 



1694,366 

1697,358 
1700,351 

^703*34^ 
1706,33b 

17095331 



9.2204917 
9.22x2714 
9.22205x8 
9.2228I98 
9.2236065 



.7997 
9.2x02200 y^g^ 

9,21x0184 ^^69 
9.21181537956 

7942 

79*9 



79141 
79wx 

78S8 
7873 



7U7 



ySopr 

7794 
7780 

7767 



177541 
774a 
7728 

7715 



1712,325 
1715,32c 
1718,314 
1721,309 

'7^4,304 
1727,300 



'751,275 
'754,273 



9.22438)9 
9.2251561 
9.2259289 
9-2267ob4i;;o2 

9.2274706)7689 
9^2282395.^^ 

9-229007x;7664 
9.22977357651 
9.23053867638 
9.23130247626 
9.2320650 7612 
9.2 3%8262« 



9.2335863 
9.2343451 

9.*2 3.5io26[7565 
9.2358589 
9.2366139 
9.2373678 



1730,296 9.238 1203 
'733*2929-2388717 
1736,2889.2396218 
739,28592403708 
1742,2829.2411185 
'745*279 9-2 4'865o 

1748,27792426103 



7601 
7588 

7575 



9-2433543 
9.2440972 



'757,2729.2448389 

'76o,27Jte-2455794 
i763,27o'9.2463 1S8 



7550 
7539 

75*5 
7514 

7501 

7490 

7477 
74^5 

7453 
7440 

7429 

7417 
7405 
7394 



I 



80 Decrees. 



Co- tangents IDij^ 



9 ^*!^^''_ 



o.8oo»g75|^'37.S'i So 



G]oi8,8l 
82900,6' 

7561175 Sij+Kjjl 



0.799*70! 

o.79li6j;j 
0,7978411 



0.795407^ 
■794599* 



61431^ 



■o.79379s»*"°o.'l47 ji 



7997 i 
79B4(, 
7969I,, 
7956, 
79+", 
79'9 , 
79 "4, 
7901 . 

7ssa 

7*7'3 , 
■ 786.1 
7847 ! 
78J3 i, 
78*0 
7807 , 
7794, 
77S0; 
7767 , 
77S4 ,■ 
7741, 
77»8 
7"5i 
77'» I 
7M9 | 
7676, 

7664 ; 



7601 
75"; 
7575 

7S*3: 

7Sio: 

7S'4,, 
75°' I 
7490 
7477, 
7465 J 

74S3, 
7440 , 
., 74»9 , 
7417, 
740s 



ar97o,2 
6iS55,8i 
6<74i, gi 

6:515,0; 
H7?,9' 



O.7929S74 

0.791(835 

0.7913609 

°'79°S797 

0,789781 
.7889816 
.788,847 
.7873K91 
.7865949 
•73581 

.7850106 60055, 
.7841105 60B44, 
■7 8343" 7 Sops. 
.7616444.6001 J, 
.781858360514, 
^1073_6 60405, 
.7801903 $0196, 
.,779508360187, 
1.778717660079, 
i.7779481 5997'.9! 
1.777 i7".S9S''4.* 
;:776J9J5 S97S7.£' 
..7756i8l'5965i,o. 
'■7748419 S9544.8: 
.7740711 S94l3,9: 
.7731^96 ;9333,4i 
.7715194' 59118, 3: 
.7 717605 59113,5; 
.■7709919159019,1; 
.77o"65|s89is,Qi 
..7694614 SS« 11.3' 
..768697658708,0. 
..7879350 58605,0. 
..767.738 58501,4 



..7648974 58i96.57»r 



j6 

.^47 35 



'.764141 ; 

■.7633861 

'■ 7fi^6}. 

■■7618797 

^76ii3S- 

1. 76=378: 

1.759619s 

i.;583!i5 

'-7i8)lS° 

'■757)^7 5 

'■7S664.'7S: 

'■7SS90»8 ; 

1.7551611 i 

'■7S44'o6 5( 



89 Degrees. 



ro Degregs 




79 Degrees, 



10 Degrees. 



71U 
7.64 



7j]t8ia 56 711,818 



5»9+! 

7 S '4703 
7507357 

7491699 
■7485188 
.747go3S 
7470B00 
7463513 
74S6*S7 
;7449' 
,7441760 
,7434518 
7417 J08 



560+5. 
5S95<. 
55857.30- 
SS763.786 
55670.574 
SS_S77.£^ 
55485,051 
5S391j740 
55300. 
.741D099 J5109, 

74"90- 

74057 '5 



7393539 54935.604 +i 



■739'37S 
■73842: 
7377079 
7369947 



, 334453 

7317387 
7310J3 

.73'3«S* 
.7)06151 
7*99118 
7191114 
.71851; 



.7171138 
,7164167 
7157306 
7150356 
714341 6 
7*36436 
711956* 



.7111657 



'47313 
'40534 
7'117S5 

7116986 

ZiiliZ.' 
Tang. 



563i9'47< 
56134,411 
56 139.68' 



54845.05: 
54754.788 
54664,8: 
5457 S.': 
S44«5^5 

5+396, S9S 

54307.750 
5+i"9."*f 
S4'3'>.90< 

54041,901 
5_395iii7i 

53867,7,8 
53780,538 
53693,631 
53606,993 



^,636 



5 3434.517 



53008,0 

5i 9i3.5°;5 |: 

51839,15 

5*7Si.»5S 

51671,517 

51588,035 

51504,809 

Si41'.836 



51319, 

56,647 
51174,428 
51091,459 
51010,738 
51919,164 



5 '3+8.03! 

51767,0; 

51686,3 

51605,813 

i'51 5.557 

5'44].5+° 

NTang. 



79 Degri;es. 



li Po greea. 



7 S>»o,l: 



J 51635.914 S' 
! S>SS9.94* «i 

'51484^ ♦) 



843831,707 ij 
1 487*4,907 11 
J 4*697,199 ( 
:4Sfii9,S8] 1 

4 48s6i,6s7 : 

5 4S 49;.6ii 2 
S4B4-.B,774 , 
3 4S;62,ii4 i 
9 4Si95.*43 : 
548119,357 ; 
948163,158 . 
I 48097,^43 ' 
" N .Scc. liv 

78 Degrees. 



MfN.XM-lL-Tan. 



194M11 }->^326j! 



.951,8*) 

1958.90] 

'96'»9^ 



9-»*9999jE„J 
9.i9o67i3£' ,i 

9.191 j+.4Slc- 
j-i9ioii6L^__J 



■970,91619.194*1 jsL J 
DT^nnS 9-a9iJ4«m66l;! 
9J96°>J*66,: 

9^9667*91— i-: 



1974,00s 

'977-oj 



1998,197 



i 1018,465 






1983,076,9.19733951^5, J 
1986,100 ».i9>ooii 5^. 
1919,114 ».i98Mi«i6„s 



7_9 



■99S.>T»B-»999>'H-;65* 

lonH.iiij 1^.^0063! J— ^^ 

II (-aoiigsVg!^' 
tgi.30195'46,;. 
r4J9.3oi6o66^ 

.1 1010,300,9.3031609 £ ■ 

013.317 9.30391436 

°'*.S54 |9-3°4S^^e— ; 
.30511836=^.^1 

.■io6S'87.6ls^ 
.. ,9-Jo7"67s'64S 
.3i,494>9.3078i;j6,,| 
' 14.5»3 9.3p84fct6 — j- 1 
3ljio37,S5i!9.3{>9i6SgV :[ 
-iiO40,5l!i9, 30975416^^1 
;3 1043.61, 9.3i039Ss6Tr] 
14 1046,64 J'9-3"i04i' fi..-l 
;J 1049,67419.3116848,^,^1 
'^" a5i.70j j3.3ii3aS£ — | 

. >S5.73T;9-3"967>64cii 
.*»°i*.7«9i9-3"J^7*b-a-l 
39io6i,8oi[9.3i4i463^.t 
1064,83419,31488516' 
1067,86719.3155116 6 
1 070,900 19.3161591 — 

»o73.934;9.3i679S0 6J. 
1076,9689,3174199 5 
1080,0039.3180640 j' 
1083,0389.31869716*' 
1086.0739.319319s 6,, 



36 1051. 



■9 1091,145 

195,18 

:i 1098,11: 



1113,407 

iirt,446 
1119,486 



9.3118506, 

9.3i»47f " , 
9.3131061, 

9- 3^373'? 
9.31435846; 

9.3*49*31^ 

9.3156073 (,, 

9.3161305 6 

9.3178610 

,566i9.i 11474 < 



Lo-langcnn 



^ 



M 



1312 
20 12 

2I|2 



N. bjQc ) L. Sine 



Dm 



2079,117,9.3178789 



2081,962 9.3184728 
2084,807 9*3190659 
2-087,652 9.3196581 
4^2090,497 9.3202495 
2093,341 9.3208400 
2096,186 9.3214297 



io .6g2i2iH 48o97,343 
5939 10.68x5272 48031,613 
^^^' -0.680934] 47966^066 
0.6803419 47900,702 
0.679750547835,520 
0.679160047770,519 
0.6785703 47705,699 



2099,0309.3220186 
S2JOJ,874 9.3226066 
04,7189.3231938 
07,5619.3237802^3^] 

10,405 9-3H3657!r848 
13,24559.3249505 — 

5839 



912- 

10,2 

ll|2 
12 2 



nil 

1612 

1712 

l8'2 



»3 
24 

26 

27 
28 

29 

3f 
3^ 

3* 

33 

34 

35 
36 



37 
3S 

39 

40 

41 
42 



43 
44 
45 



593 

5922 

59»4| 
5905 
5897 
5889 
5880 
5872 
5864 



16,091 9.3255344 
'3,934 9-3*6"74 



5830 
58*3 



ii>777 9-3^66997^3^^ 



24,619 9.3272811 
27,4629.3278617 
30,3049.3284416 



5806 
5799 



5790 
5782 

577 



33,146 9.3290206 
35,988,9.3295988 
3^5,829,9.3301761 1^^^ 
4^67i 9.33075271 3 

44,5«i9-33i3iS5! 
47>353 9-33'9035 

50>i94 9-33*4777 

S3»035.9-33305"ir;26 
55>876 9-3336a37'57i8 

58,7169.33419555-10 
61,556 9.3347^«>5ir7C7 

64,396 9.335336S|f^' 
— 5694 



575c 

574i 
5734 



67,2369.33590621^^3^ 
70,0769.3364749: 5 

72,9'5 9-337C4i8!^67i 

75.754;9-3376o99,^663 

:^:593|9-33»i76i -656 
8i,_4_32|9j^33i74lS|--. 

84,271,9.3393^651^^ 
87,11019.33987061^^ 

89,948l9-3404-3^i5625 

92,786!9.54C9963;^6i7 
95,62419.3415550;^^, Q 

98,46219. 34ii»9<^l-^~ 

- - '5602 



5594 



;2or, 300,9. 3426-92 

2204,137:9. 34323^<^,^.S7 
12206,97419.3437973^^' 

46J2209,Sii|9.34435^2,^^^^ 

47^2i2,64!^|0.l449i24|;^L 
'^ 2215,485 9.3454688.^2-7 



48 

49 

5<^ 



2218,321 
2221,158 
5iJ2223,994 

52J2226,8';C 

53 2229,666 
542232,501 

55 
56 

57 
58 



59 
60 



2235»337 

2238;i72 

2241,007 

2243,842 

2246,676 

1249,511 



9.3460245;^^^; 
9.3465794.^^;^ 

9.3471336:^^:;. 
9.1476S705534 

o 15527 

9.3482397 ^J^^ 

5512 

5505 

549 S 
5490 

5483 
547 5 



9-3487917 



9.3493429 

9.3498934 
9-3504432 
9.3509922 

9.35*54^^5 
9.352088c 



Co-fincs 



Ditf 



12 Dcgre eSt 

Co-iecants 



0.677981447641,058 

0-677393447576,596 
0.6768062 47512,312 

0.6762198 47448,206 

0.675634347384,27749 

0.6750495 47320,52448 



60 

^2 

57 
56 
55 
>^ 

53 
5» 
5» 
50 



0.6744656147256,945 
0.6738826 47193,542 
0.673300347130,313 
0.6727189 47067,256 
0.672138347004,372 
0.6715584 46941,660 



0.670979446879,119 
0.6704012 46816,748 
0.669823946754,548 
0.669247346692,516 
0.668671546630,652 
0.6680965 46568,956 



0.667522346507,427 
0.6669489 46446,064 
0.6663763 46384,867 
0.6658045 46323,835 
0.^652335 46262,967 
0.6646632 46202,263 



0.6640938 46 141,722 
0.663525146081,343 
0.6629572 46021,126 
0.6623901 45961,070 
0.661823845901,174 
0.661258245841,439 



0.657881C 



47 
46 

45 
44 

43 

41 

41 

40 

39 
3S 

37 

3^ 

35 
341 

33 

3* 

31 

30 



0.6606935 45781,862 
0.6601294 45722,444 
0.659566245663,183 

0.6590037 45604,080 

0.658442045545,134 



45486,344 18 



0.6^7320845426,709 
0.6567614 45369,229 
0.656292745310,903 
0.655644845252,730 
0.655087645194,711 
0.654531245136,844 



0.6539755 45079,>29 
0.6534206 45021,565 
0.652S664 44964,152 
0.652313c 44906,889 
0.651760344849,775 
0.65120S3 44792,810 



0.650657144735,993 
0.650 ;o66 44679,324 
0.6495568 44622,803 
0.6490078 44566,428 
o^6484595 44510,198 
0.6479120 44 454,115 

L. Sec. N. Sec. 



29 
28 

27 
26 

25 

24 

23 

22 
21 

20 

'9 



17 
16 

15 

13 
12 

II 
10 

9 

8 

7 
_6 

5 

A\ 

3 

2 

1 

o 

M 



77 Degrees. 



[M 



N.Tan. 



2 12 5,566 

1 1128,606 
2x31,647 
3 2134,688 



4 3t' 37,730 9«3»995i^ 6176 



2141,814 9-33 "87* 



7 1146,857 9-33«8«>3» 



8 

9 

xo 

II 
12 

»3 

141 

»5 
x6 

'7 
18 

'9 

20 

21 

22 

»3 

24 



I7f 



an. 



9*3*74745 



3*80953 
9,3287x53 

9-3*93345 



2140,772 



9.3305704 



2149,^00 



* 1 5*,944 9-33303*7 



2x55,988 



2159,032 9-334*59^ 
2162,077 Q**) 1487 XI 



2x65,12190354813 



2x68,1679*33^*7 
2171,1x3 9*33^oi4|6ol9 

2174,159 9-3373113 
2x77,306 9'5379'94 |6o73 

2180^53 9-3385*^ z:^ 

2 1 8 3,40o|9^339^333| 605 a 

2186^148 

2189,496 

2191,5449-34^94846035 

»i95>593 9-34'55»9 6o27 

*i98,643l9-34*«546 



2201,6929-34*75^6 
2204,7429-3433578 



55 

56 

57 

58 

59 
60 



2207,793 
2210,844 
2213,895 



2216,9479.345755* 



2219,999 
2223,051 



2226/1049-3475454 5953 



»**9i>57 
2232,211 

2235,265 



2238,319 
»»4i,374 



*5 
26 

27 

28 

29 
30 

3' 
3* 

33 
34 
35 
36 
37 
38 

39 
40 

41 

41 

43 
44 
45 
4^^ 

47 
48 

49 2275,003 

502278,063 

51 2281,123 

52 

53 

54 



2247,485 
2250,541 

**53»597 



2251,654 
2256,711 
2262,769 
2265,827 
2268,885 
2271,944 



2287,244 
2290,306 



2293,367 



2299,492 

2302,555 



9.3314x836144 



9.3336463 



9- 33487 



9-343958^3 
9-3445580 

9-345»570 



S975 
9.3463527 5967 

9.3469494 5^60 



9.3481407 

9-348735* 
9.3493290 



9,3499220 
9-3505H3 



2244,429 9-35"05j 



9.351696 

9.3522869 

9.3528763 



c ^5887 

9-3534650^5880 
3540530 5872 
'9.3546401 
9.3552267 

9.3558126 

9-3563977 



Di^ 



6108 



6x9» 

61 »3 



616S 



6159 
6151 



6136 
6uS 

6x10 



61x2 
6x04 
6097 



6010 
6011 
6005 

5997 
5990 
5981 



5945 
5938 



5930 

59*3 
5916 

^5909 
5901 

5894 



9.3569S21 

9.3575658 

9.3581487 

2284,^849.3587310 



9.3593126 
9-3598935 



9.3604736 



2296,4299.3610531 



9.36x6319 
9.3622100 



2305,6189-36*7874 
2308,682 9.3633641 



5865 
5859 
585.1 
5844 

5837 
5829 

5823 

5816 

5809 



5801 

5795. 
5788 

57S1 

5774 
5767 






Co-tangents iDiffJ 



i.83 
5176 
|6i6g 

6>S- 
6'44 
I6136 
l6itS 



Co-taigeno 



'■^'5'SS 



..6719047 
..67118+7 
..670A65J 
..670047* 
..6694196 



4*979. 
46911, , 

t6l45.»4« 
+«778.S« 



1.667 53 17 
1.6669673 
'■6663537 
1.6657409 
>.66siig9 



. S3 

46513,788 
46448,054 
46381^57 , 
+6317,056 w 
46151.831 48 



,661080645918,315 



^66147 3 3 
>,66o8667 
1.6601609 
).6s96ss9 
j.65905if 
3,658448: 



4^864, 

45800,119141 

45736,187 40 

45671,615 

45609,111 

♦5545.776 



3.6560417 
3.6554411 
3-654S43' 
3.6541448 

D.6536473 
0.6530506 
0.6514546 
0.6518593 



41156.773 
4S»94i">S 
45131,601 
45169, 
45 '°7. 



,6494857 
,6488941 
10.648 J03: 
■6477'i: 
.647 i 



44860,004 : 
♦4798.636! 



0.646535; 

o.64S947< 
0.6453598 
:o-6447733 
10.6441874 



4*676.379 
♦4615.489 
♦4554.756 
44494.' 8 1 
♦4433-76* 
♦4373.5°° 



443>3'39' 
♦4»S3<439 
♦4"93.64' 
33.996 
44O74.504 



1.6436013144015,164 



3.643017943955,977 
3.64i434» 43*96,940 
=.64'85'34383*><'S4 
3.641169043779,31; 
3.640687443710,731 
0.6401065 4366; 



.6 39 ji 64143604,003 
10.6389469^3545,861 
10.6383681^3487,866 
10.6377900I4 3430,018 
10.637x116143371,316 
1 10.6366359 4 1 314,7591 
II. Tang. In. Tan-tMJ 



12 Dec^rees. 

'Mi 



77 Degrees. 



1+14,863 

14 JO. 507 



9-3» j6T5' - 
9.3*418.5 ij 

9.38518*4 ' 

ij., 861008 s= 



^0''i°»-3**7°4° - 
KlS,97i 9-3871067 
H4>.79i 9-3*77087 
'4*4.6139.3881101 

39.3887109 
;4 9.j89iiii 

4 9. 3897'°' 



I '4IS.>M 

f 1458.713 
i 1461,333 
S »46+.3S> 

7 146;, .7' 
I 1469,99 1 

9 1471.809 
1475,617 
' »47S,44i 



.3901096 W|^ 



9.3907079 
9.3911037 
9.3917018 
9.3911993 

9. 3916951 

393'905 
9.3936851 
- J9+'794 
9.3946719 
9.395165!' 
9. 1956581 
9.3961499 
9.396641 
S397'J'5 
9-397*= , 
9.3981109 
9.39859 96 
9.3990878^; 
9-3995754*1 
9.4000615* 
9.4005489 * 
9.4010348;; 

}. 4010048 4| 
9.4014889 *■ 

3.4019714 To 

-J4554! 
9'*039378*, 
9.4044196 1 
9.4049009WI 
9.40538.6+! 

9.49586.7 ♦; 
9.4063413 *: 

H9.4o6Sk 

;8 9. 4071987 i; 

10 9.4077766 

li 9.4081539 

K 9.408730c 

>5 9.409106B 

ly 9.4096814 

i8 9. 410157; 

J9 9-4'o63io 

1576,9509.4111059 

1579,7609.4115793 

1581,5709,4110511 

;"j^Si,,8, 9.4,15145^; 



.489,716 
H9».533 
»49J,3SO 

1498,167 
.500,984 
1503.8' 



ii>5.o*3 
1517,879 
' 510,694 
1513,501 
1516,323 
1519,137 
1531,951 
■' ^534.766 
1 537,57 9 
3 iMO,393 
■ 1S43.1' - 



Co-fe 

'.*'63i4^ 

.*ij8i8i 

'"S3ii7 

148076 

1 0.6 14] O] I 

'■37991 
1)1960 

'»7933 
111913 
..01.7899 
>.6iiiS9i 
^6107889 
' 'iw 
1.6097904 
>.6o^9>l 
'■6087943 

..6078007 
..6073048 
1,6068095 
..6063148 
..6o;3io6 
..6053171 
>.6o48]4i 
.6043419 



14 Ocgras 



1.6033590 

>.6oi868; 

1.6013785 
1.6018891 
^6014004 

1.6004146 
'■S99937S 
'■S994!" 

■.5939651 
1.59847 99 

'0-S979951 

10.5975111 
10.5970176 
10.5965446 

5955804 



1.5950991 
..5946134 
1.5941383 
'.5936587 
10.5931797 
■5917 



10. 591746- 
.5911694 

'.5907931 
.5903176 

'■559841; 



0.5893680 
0.5888941 
0.5884107 
0.5879478 
0.5874755 
0.5870038 

L. Sec. 



__W.J>eo|ML 

75 Degrees. 



N. T» 



t Wl.ito 9 
»49'.37Q 9- 
ip4M>46o 9. 
■501.55 > 
'SOJ'^ . 
1508,7349, 
^69. 



15 '4.9 19 



'SSJr*** 

1536,580 

.539,676 
'541.773 
1545,87' 
'S4B.9' 



'55S,i«S, 

1558,164 } 

1561,363 

1564.463 

' 567 ,5*4 

1570.664 

1573,766 

1576,868 

'579.97 

1583,07 

1586.17 

1589,18 



■ 39677 
.3973089 

.3978463 
.3983830 
.398919T 

■3994547 

.3999S9* 

.4005: . 

.4010578 
9.401591. 
9.401113, 
9.401655* 

■4 031873 
g.4o37ig_ 
9.4041486 

■4047784 
,.4053076 
94058363 
9.406] 
9.4068919 
9.4074189 
9.4079453 
9.4084711 

,4089965 
9.409; 



1598.593 

1601,699 

1604,805 

1607,9 

1611,0.. 

''17,134 



^.341 



1613.4 5 
1616,56^. 

i63i;78, 
1635,89 



1645,11 
1648,33. 
1651.45- 
1654,566 

1657,680 
1660,794 



165,909 



LTan. 



;59i,384 9^.136993 

^595.488 9 



..4>4i'9 

9.4147383 
9.415157 
9.415775 



J.4161918 , 
9.416SD99J; 
9.417316; 
- 4173415 

418358. 

418871 



. '93874 
9.4199013 
9.4104146 

9.410917; 
9-4114398 
[419.4119; 
. 14618 
9.4119735 
9.4134*38 
9-4139935 
9.4145016 
9.415. 



, 9.4155194 

!S 9.416017 

II 9-4»6;34: 



S37« 
SJ74 

S3<7 



5344 

533» 
533" 

Sja? 

S3:*' 

5305 

5304 
5198 
519. 
5187 
5iL' 

S«75 
5170 
ji64 
S»S9 
5153 



5104 
519B 
5191 
5187 
S^i 
5176 
5171 
5166 
jiSo 
5155 
S£49 
5»4S 
S'39 



M 



J 

% 

3 

4 

•5 
6 

1 
8 

9 

lo 

IX 

12 

«3 

*4 

»S 
i6 

17 

28 

»9 

20 
21 
22 

»3 

24 

»5 

26 

27 
28 

*9 
30 

31 
S» 

33 

34 
35 

1! 
37 
38 
39 
40 
41 
42 

43 
44 

45 
46 

47 
48 



N. Sine I L. Sine 



I: 



2588^1909.4x29962 



259X^000 
2593,810 
2596,6x9 
2599,428 
2602,237 
2605,045 



2607,853 
2610,662 
26x3,469 



9.4162832 
9.4x67506 
9.41 72 I 74 



2616,277 9-4'7^837 



26x9,085 
2621,892 



2624,699 
2627,506 
2630,312 
2633,xi8 
2635,925 
2638,730 



2641,536 
2644,342 
2647,147 
2649,952 
2652,757 
2655,561 



2658,366 
2661,170 
2663,973 
2666,777 
2669,58 X 
2672,384 



2675,187 
2677,989 
2680,792 
2683,594 
2686,396 
2689,198 



2692,000 
2694,80 X 
2697,602 
2700,403 
2703,204 
2706,004 



2708,805 
2711^605 

2714,404 
2717,204 

2720,003 
2722,802 



49 
50 
5" 
52 
53 

51 
55 
56 
57 
58 

1^ 



9.4134674 
9.4X3938X 
9.4x44082 
9.4148778 
9.4153468 
9.4x58x52 



47X2 

4707 
4701 
4696 
4690 
4684 



9.4x81495 
9.41 86 148 



.4x90795 
9^.195436 
9*4200073 
9.4204704 
9.4209330 
9.4213950 



4647 
4641 
4637 
4631 
4626 
4620 



9.42x8566 
9.4223x76 
9.4227780 
9.4232380 
9.4236974 
9.424x563 



9.4246147 
9.4250726 

94255299 
9.4259867 

9.4264430 

9.4268988 



9«427354i 
9.4278089 

9.4282631 

9.4287169 

9.429170X 

9.4296228 



9.4300750 
9.4305267 

9-4309779 
9.4314286 

9.43x8788 

9.4323285 



Diff 



15 Degrees; 

Co-iecan^ 



4680 
4674 
4668 
4663 
4658 

4653 



46x6 
46x0 
4604 
4600 

4594 
4589 



4584 

4579 

4573 
4568 

4563 
4558 

4553 
4548 
4542 
4538 
453* 
4527 



4522 

45,«7 
45x2 

4507 
4502 

4497 



9*4327777 
9.4332264 

9-4336746 
9.434x223 

9.4345694 
9.435016X 



4492 

4487 
4482 

4477 

447 » 
4467 



2725,6ox 
2728,400 
2731,198 

2733>997 
2736,794 

27 39»592 

2742,390 

2745,x87 

2747*984 
2750,.78i 

2753»577 
2756.374 



9.4354623 
9.4359080 
9.4363532 
9.4367980 
9.4372422 
9.4376859 



9.4381292 

9-4385719 
9.4390x42 

9.4394560 

9-4398973 
9.4403381 



Confines 



4462 

4457 
4452 
4448 
4442 
4437 



4*33 
4427 

4423 

4418 

4*13 
4408 



DifF 



0.5870038 



0.5865326 
0.5860619 
0.58559x8 
0.585x222 
©•5846532 
0.584x848 



0.5837168 



0.5832494 38304.467 



0.5827826 
0.5823x63 
0.58x8505 
0.58x3852 



0.5809205 
0.5804564 

0.5799927 
0.5795296 

0.5790670 

0.5786050 



0.5772220 
0.5767620 
0.5763026 

0- 5758437 



0.5753853 



0.5726459 
0.57219X1 

0.5717369 
0.5712831 

0.5708299 
©•5703772 



0.5699250 

0.5694733 
0.569022 X 



0.5681212 
0.56767x5 



0.5672223 
0.5667736 
0.5663254 

0.5658777 
0.5654306 

0.5649839 



0.5645377 
0^5640920 

0.5636468 

0.5632020 

0.5627578 

0.5623x41 



38637,033 



38595»i35 
38553.332 
385x1^622 
38470,006 
38428,482 
38387,052 



38345.713 



60 

59 

58 
57 
56 

55 
54 

53 
5» 
5' 

50 
49 

47 
46 

45 
44 
43 
42J 

0.578x434 37856,760141 

0*5776824137816,59640 

37776,52239 

37736.535 38 



38263,313 
38222,251 
38x81,280 
38x40,399 



38099,610 
38o58,9ix 
38018,301 
37977,782 

37937.352 
37897,011 



37696,636 
37656,824 



376i7,xoo 



37 
36 

35 
34 

33 
32 

30 

37380,568129 

3734».44628 

37302,409 

37263,457 

37224,589 

37185,805 



0.5749274 37577^462 

0.574470137537.9" 
0.5740x33 37498,447 

0.5735570 374S9.068 

0.57310x2374x9,775 



27 
26 



25 
24 



37H7.10523 



37x08,489 
37069,956 



0.56857x4 37031.506 



36993^x39 
36954,854 



36916,652 
3687^,532 
36840,493 
36802,536 
36764,660 
36726,865 



36689,151 
36651,5x8 
36613,964 
36576,491 

36539,007 
36501,783 



22 

2X 

20 

19 

x8 

17 
x6 

15 
14 

13 
22 

II 

10 

9 

.8 



0.5618708 
0.561428 I 
0.560985S 
0.5605440 
0.560J027 
9.55966x9 



36464,548 

36427.392 
36390,315 

36353.316 
36316,395 

36279, «J53 



L. Sec. I N. Sec. M 



7 2701,328 9.43fi577s|oi6 



M 



2682,61094285575 

2685,728 9.429062 X 
2688,847 9.429 5 66 X 
. 1.967 9-4300697 
2695,087 9-43057*7 
2698,2079.43x0753 



4I269 

5 
6 



9 

xo 

IX 
12t 



2704,449 9.43207S9 

*707.57i 9-4325799 
27x0,69494.330804 

2713,8x794335805 

2716,940 9.4340800 



'3 



15 
x6 

»7 
x8 



19 

20 

21 



25 
26 

27 
28 

»9 

30 



58 

59 
60 



N.Tan^L. Tan. 



2679492 9.4208525 



3* 
32 

33 
34 
35 

3^ 
37 
38 

39 
40 

41 
42 

43 
44|»8 

45 
46 

47 

1? 
49 
5oi 
51 
52 
53 

51 
55 
56 



Diflf 



5050 

5036 
5030 
506 



5020 



50x0 
5005 

500 X 
4995 



4991 

14985 

4981 

4976 

4971 
4966 



2720,064 9.434579X 
142723,1889.4350776 
2726,313 9-^355757 
2729,438 9.4360733 
2732,56494365704 

2735.690 9-437o670 > g ^ 

2738.817 9-437563>!l2r6 
2741.945 9«438o587:49r I 
2745.0729-438553841:7 

.20X 9-4390485i2Ii 
275^.330 9-43954a65r: 

9.44oo?63gJ 

2757.589 9-4405295 4«i7 
2760,7x9 9-44i02i2jTr^' 

2763.850 9-44«5»45!l9i7 
2766,981 9-44*oo6a7T ' 

2770,113 9-44249754908 
1773^5 94429883 g^ 

2776,378 9-4434786C|^| 
2779.512 9-4439685 ^^^ 



2782,64619.444457911889 
2785.780 9.4449468 ^gi 

2788,9159.4454352^880 
2792,050 9-44592^ Tg- 

2795.18694^^4871 
2798,322 9-44^78 Ig^. 

2801,459 94473843 4861 

2804,597 9-44787044857 

»8o7,735 9-4483561 4852 

28x0,873 9.4488413 rrr- 
"s ' ^n — T" 4847 



2814,012 9.4493260 .g^ 

»8 17,152 9-449810248^8 
2820,292 9.4502940 ^834. 
2823,432 9-4507774 482? 

2826,5739.4512602^825 
2829,7 x59. 4517427 -0^ 



2832,8579.4522246^8x5 
2835*9999-452706x48,, 

2839.143 9-4531872 4806 
2842,286 9-4536678 ^^ 

2845430 9-4541479 4707 
2 848,57s 9-4546276 — 

2851,7209.45510694788 
2854,866 9-4555857 4784 
57 2858,012 94560641 ^^y^ 
2861,159 9.4565420 ^^y^ 
2864,306 9.4570194 4770 
2867,454104574964 



74 Degrees. 



Lo-tangests. 



DifT 



I-; Degrees. 



73 iJegrecs, 



DiflP 
4766 

476r 

♦757 
4753 
474« 
4743 

4740 

4735 
4730 
47*6 

47** 
47i« 



4713 
h709 

4705 
4700 

4696 

.692 



0.5J9I76S 346oS,oa6 53 

o«S3'7033 34S7o>3«5 5» 
0.538130334531,67951 

^•5377577 3449S>"«> 5© 

®-537»^55 34457*^3549 
ro.536yiy 34410^116 48 






4687 
4683 
4679 

4675 
4671 

4666 

I4661 
4658 

4653 
4650 

4645 

4641 

4637 

46J5 
4629 

14615 

4610 

1616 



4613 
4608 
4604 
4600 
4596 
459a 



4588 

4583 
4580 

4576 

4571 
4568 



4564 
4560 

4555 

455a 
4548 

*544 



4540 

453^ 

453a 
4528 



Co^tangent3 1 
<X54150S< 34874,144 60 



16 Degrees.^ 



0.5410170 34>35>«96 59 
0'54«5509 34797>7a6 58 
o»54io7Si 34759>«3» 57 
0.5405999 34721,616 56 
0.540x15134683,67655 
».539<5o8 34645^8 > 3 54 



0.516915032879,487 
0.516471431845,164 
0.5 1 60 1 82 32810,907 
452410.515565431776,715 
4520 IO.5I5II3O 31741,588 

jHTS ^ Q'^S '46610 3i7£?*5i5 
r*^ L. Tang. In. Tan. 



0.536341434384,89147 

o-535*7»5 34345»^3i46 

0.535401034308,44645 
0.53493*0 34171,33444 

0.534461434134,19743 
o.S3399>a 34197,333 4A 

«>'5335»35 34160,44341 
o-5S3055»34ii3>6464o 
0.531587534086,88139 
0.5311198 34050,110 38 
0.5316517 34013,611 37 
o.5 3"86i 3 3977,085 36 

0.5307199 33940,631 35 

0.5301C41 33904,149 34 

0.5197888 33867,938 33 

0.5193138 33831*699 3» 
0.518859333795,53x31 

gl5»8395» 33759>434 3Q 

o.5*793»5 337*3*408 191 
0.5174681 3?687,453 18 

0.517005335651,56817 
0.516541835615,75316 
0.5160808 35580,00825 
0.5156191 33544*333 ?4 
o.5»5*S79M 508,718 23 
0.5146971 33473*191^2 
0.514136735437,71411 
0.5137767 ? 3401,316 10 

o.5*33»7» 53366,997 19 
a_5i28579 33331,736 18 



0.5113991 33296,543 17 
0.51x9408 33161,419 x6 
0.5114818 33116,362 15 
0.5110151 33191,373 14 
0.5105681 33156,45413 
0.520H13 33111,598 II 

0.519654933086,8x1 I 
0.5191989^3051,091 10 

0.5187434 33<ii7*438 . 
0.518188131981,851 8 

0.51783343*948,330 , 
0.5x7379031913,876 6 



1 
I 
o 



M 

o 

I 

1 

3 
4 

5 

J 

7 
.8 

9 
xo 

XX 

II 

13 
14 

15 
16 

17 
18 

19 
10 

IX 

11 
*3 

*5 

16 

*7 
18 

*9 

30 

31 

3* 

33 

341 

35 
36 

37 
38 

39 

40 

41 

43 
44 
45 
46 

47 
48 



49 
50 
51 
54 

53 

?f 
55 

56 

57 
58 

59 
6d 



N. Sec. 
0401,994 



0403,863 
0404,732 
0405,601 

0406,471 
0407,346 
0408,1x9 



0409,094 
0409,969 
04x0,845 
0411,713 
0411,601 
0413*4^1 



0414,361 

0415**43 
0416,116 

0417,009 

0417,894 
04x8,780 



04x9,66^ 
04*0,554 

04*1*443 

04***333 
0413,114 

0414,1x6 



0425,009 
0415,903 
0426,798 
0427,694 
0428,591 
0429,489 



0430,388 

0431**89 
0432,190 

0433,092 

0433*995 
0414,900 



0435,805 
0436,7x2 

0437,6x9 
0438,528 

0439*437 
0440,348 

0441**59 

0442,X72 
0443,086 
0444,001 

0444*917 
0445*833 



0446,751 
0447,670 
0448,590 
0449,511 

0450,433 
0451.357 



0452,281 
0453,206 
0454,132 
0455,060 
0455,988 
0456,918 



L. Sec. 
0.017x584 



0.0x7x946 
0.0x71309 
0.0x71671 
0.0x73036 
0.0x73400 
0^0x73764 



J> 

)6i 



Lo-fines 



9,9818416 



363 9*9818054 

363 9-9817691 
3649-98*73*8, 

364 9-98*^64 9609,403 



5649-98*6600 
9.9816136 



0.0x74119 
0.0x74494 
ObOX7486o 
0.0175126 
0.0x75591 
0.0175959 



0.0x76326 
0.0x76694 
0.0x77061 
0.0x77431 
0.0x77799 
0.0x78x69 



0.0178538 
0.0x78908 
0.0x79279 
0.0179649 
0.0 I 8001 x 
0.0x80391 



0.0180764 
0.0181x37 
0.0x8x5x0 
0.018x883 
0.0182256 
Q.OX82630 



0.0x83005 
0.0x83380 

0.0183755 

0.0184130 
0.0x84500 
0.0184883 



0.0x85260 
0.0185637 
0.01860x4 
0.0186392 
0.0x86771 
0.0x87x50 



0.0x87529 
0.0187909 

0.0x88289 
0.0x88669 
0.0x89050 
0.0x89431 



0.0x89813 
0.0x90x95 

0.0190577 

0.0190960 

0.0x91343 

0.0191717 



0.0X911 XX 

0.0x92495 
0.0x92880 
0.0193265 
0.01^3651 

0.0 X 040') 7 



Co-lecants 



3659-9815871, ^- 
9.98155069606,177 



9.9815x40 



366 

366 

566 

367 9-9814408 

— 19.9814041 

368 



368 9-98i33<>6 

369 998**938 

368 9-98*1569 

370 9-9811201 

^9.9811831 



370 

371 
370 
37* 
371 

37* 
373 
373 
373 



377 
?77 



9611,6x7 



96x1,8x5 
96x1,0x1 
9610,108 



9.981477419604,558 
9603,748 
9602,937 



9608,598 
9 607,79 2 

9606,984153 

5* 

51 
50 

4« 



9605,368 



9.9819236 
9.9818863 
9.98x849019590,672 



60 

59 
58 

57 
56 

55 

54 



9.98236749601,11547 



9601,3x246 
9600,499 45 
9599,684 44 
9598,869)43 
9598,053 



4« 



9597**36 

9596,4x8140 

9595*600 

9594>78i 
9593*961 



39 
38 



9.982x462 
9.981x091 
9.9810711 
9.9810351 

9.98x99799593*9^1 37 
9. 98x9608 9 593,140 36 

959**318 35 
9591*496134 
33 
3* 
31 
30 



9.9818x17 



{7l|9-98i7744|9589»oi3 
^9- 98i737 o|9588,X97 

'75 

175 

375 

^75 
376 

577 



9.98x6995 
9.9816620 
9.98x6145 
9.98x5870 ^ 
9.98x54949584,056 



9.9815117 



9.9814740 
,779.9814363 

.;^ 9.9813986 
5709-9813608 

370 9-9813229 
--'^ 9.9812850 



lio 9.9812471 
3809.9812091 

3809-9811711 
3819-9811331 
38x9.9810950 
9^9810569 



381 
3829.9810187 

3829-9809805 

383 9.98094*3 
383 9-9809040 
^gf 9.9808657 

--r.9io8i72 

384 9.9807889 

385 9.9807505 
3859.9807120 

386 9.9806735 
38699806349 

9.9805963 



^ I L. Sine. 



9589,848 



7*371 

9585*715 - 

9584,88626 
*5 

*i 

*3 
22 

21 

20 

19 

x8 



9583,226 



958**394 
9581,562 
9580,729 

9579*895 
9579,060 

9578,225 



9577*389 

9576,55* 
9575*714 

9574*875 

9574*035 

9573*19 5 

957**354 

9571*51* 
9570,669 

9569,815 

9568,981 

9568,13 6 

9567,290 

9566,443 

9565*595 

9564*747 
9563,898 

9563*048 



N. SineM 



29 
18 

*7 



17 
16 

15 
141 

13 
II 

XX 

lO 

9 

8 

7 
6 



73 Degrees. 



Xx 2 



M 



N. sine 
2943,717 



I •^926,499 



2932>o6j 

42934,841 
2937,623 

2940,403 



7 
8 

9 

10 

II 
12 



>3 

14 

M 
16 

'7 
18 

«9 
20 

21 

22 

»3 



*5 
26 

27 

2S 

29 

32 

3» 

3a 
33 
34 
35 



Diffl. 

i 

41301 

9.46634834126 



L« Sine 
9-4659353 



17 Degrees. 

Co^-iecants 



29x9,2*09-4667609 ^121 

9.4671730^118 

9.4675M41X2 
9^6799604109 
9.46S4069 



a943»»*3 94688173 

»945»963;9-469"73 
294«,743i9-4696369 



295'»5" 

2954»302 
2957,081 



9.4700461 

9.470454* 
9.4708631 



*9S9>859 9-47>a7»<^ 
2962,638{9.47i6785 

2965,4169.47*0856 

2968,1949.47*49" 
2970,971 9.47*8985 

*973»749;9-4733043 



2976,52619.4737097 
*979»303l9-474»i46 

2982,07919.4745 »9* 
2984,856,9.4749*34 
2987,6329.4753*7' 
242990,4089.4757304 



*993»>84 9.4761334 4025 



*995>959 
2908,734 



9.4765359 
9.4769380 



3001,5099.4773396 
3004,28419.4777409 
3007,058 9.4781418 



3009,832 
30x2,606 
3015,380 
3018,153 



9.47854*3 
9.47894*3 
9.47934*0 

9.47974'* 



3020,926|9-48oi4oi 
36 3023,699 9.4805385 

3026,471 



37 
38 

39 
40 

41 
42 

43 
44 



3029,244 
3032,016 
3034,788 

3037*559 
3040,331 



3043,102 
3045,872 
45 3048,643 



9.4809366 
9.48x3342 

9.4817315 
9.4821283 
9.4825248 
9.4829208 



46 

47 
48 



49 
50 
5> 
5* 
53 
54 



55 

56 

57 

5S 

59 
60 



9.4833x65 
9.4837x17 
9.4841066 



305'>4'3!9»48450io 
3054,1839.4848951 
3056,9 53 9.4852888 

3059>7a3 
3062,492 

>o65,26j 



9.4856820 

9.4860749 

9.4864674 

3068,030 9.4S68595 



3070,798 



3076,334 
3079,102 

3081,869 

3084,636 

3087.403 

3090,170 



9.4872512 



3073,566^9.4876426 



9.4880335 
9.4884240 
9.4888142 
9.4892040 
9.4895934 
9.4899824 



I 



Co- fines 



4104 
4100 
4096 

4092 
,087 
4083 



4079 

4075 
4071 
4066 
4063 

^058 



4054 

4049 
4046 

4042 

4037 

4033 



4030 



4021 
4016 
4013 
4009 



4005 
4000 

3997 

399* 
3989 

3984 



5981 

3976 

^973 
3968 

3965 
3960 



3957 
395* 
3949 
3944 
^941 
3937 



393* 
3929 
39*5 
39*1 
3917 
>9i4 



3909 

3905 
390* 
3898 

3894 

3890 

Diff 



0.5 340647 

0.53365x7 
0.5332391 
0.5328270 

o.53*4'5* 
0.5 .20040 

0.5)15931 



0.53x1827 
0.5307727 
0.5303631 

0.5*99539 

0.5*9545* 
0.5291369 



0.5287290 
0.52832x5 

0.5279144 
0.5275078 
0.5271015 
0.5266957 



0.5262903 
0.5258854 
0^5254808 
0.5250766 
0.5246729 
0.5242696 



0.5238666 
0.5234641 
0.5230620 
0.5226604 
0.5222591 
0.-5218582 



o.5*H577 

0.5210577 

0.5206580 
0.5202588 
0.5198599 
0.5194615 



34103,036 60 



34170,526 
34138,080 
34105,699 
34073,382 
54041,130 
34008,941 



33976,8x6 
33944*754 

339"»755 
) 3880,820 

33848,948149 
33 817*138 ^8 



59 

58 

57 

56 

55 

1^ 

53 

5* 

5> 

50 



33785»39'I47 
35753*70746 
3 3722,084 '45 

33690,524144 
33659,02643 
33627,58942 



33596,214*41 
33564.90040 

33533*64739 
> 3 50**45538 
3347'*3*4i37 
33440,254136 



33409,244 
33378,294 



35347*405 

533'6,575 

35285,805 

33*55>095 



33'93*853 
33163,320 

j3»3*»847 
33102,432 

33072,07624 



0.5190634 
0.5186658 
0.5182685 
0.5178717 

0.5174752 
0.5170792 



0.5166835 
0.5x62883 



0.51589343*801,479 



0.5x54990 
0.5151049 
0.5147112 



0.5143x80 
0.5139251 
0.5135326 
0.5131405 
0.5127488 

o.5'*3574 



0.51x9665 
0.5x15760 
0.511J858 
0.5107960 
0.510.1066 
0.5100176 



JL. bee. 



33**4,4441*9 
28 



35 
34 

33 
32 

3' 

30 



27 
26 

*5 



33041,77823 

330"*539 
32981,357 

32951,234 

32921,168 

32891,160 



22 
21 
20 

19 

18 



32861,209 
32831,316 



32771,700 

3*741,977 
32712,311 



32682,702 

3*653,149 
32623,652 

32594,211 

32564,825 

32535*496 



52506,222 
52477,003 
52447,840 
52418,732 
32389,678 
32360,680 

NTSecT 



72 Jy:rjpcs. 



'7 
16 

15 
14 

"3 
12 

21 
10 

9 
8 



M 



iM|N. Tao. 



I 

2 

3 

4 

5 
6 



7 
8 

9 
xo 

II 

XI 



13 
14 

«5 
16 

17 
18 

>9 

20 

21 
22 

»3 
*4 

*5 
26 

27 

28 

29 

3? 
3' 
3* 
3o 
34 
35 
1! 

37 
38 

39 

40 

41 

42 

43 
44 

45 
46 

47 
48 

49 
50 

5' 

5* 
53 
54 

55 

56 

57 

58 

59 
60 



057*3079-4*53390 



L. 1 an. 



o6o,4S«J9.4857907 45, x| 
063,67c 9.4S624X9 - 
066,852 9.48669*8 ll^^ 

070,034 9-487H33 45ooi 
073,2189.4875933 449 J 
076,402 9^^8o43op-^ 



17*845 9.4938545^ 
21,036 9.494*988'444, 

*4***9 9.49474*9*44361 
17,422 9-495«8^5:4435i 
30,6169-495^*9814449! 

33*810 9.4 9607*7 1777.^ 



9-496957444171 



37*005 
40,200 

43»396 9.4973991 
46,593 9-4978406 
49*7909-498*816 

52,988 9-4987**3 



75.389 



3*4P>i9: 



079,586 9.4S84924 ^^J 
082,771 9-4889413 44S5I 
085,957 9-4893898 44Szi 
1089,143 9^98380 ^.g.' 
092,330 9^490*85^ 
o95*5'7 9:490733*^ 

1098,705 0.49 1 1 802 446-7] 
01,893 9.4916269 ^^5^] 
05,0839-492073144501 

08,2729.49*5*904456 
1 1,462 9-49*96461443 X 

14*6539. 4934097^ 77^ 



DUE] 



9-496515* 



44* 



44'5 
4410 

4407 



4403 

4400 

4396 



56,1869.4991626 

59*3859-499^0*6 

62,5859-50004221^352 

65,7859-50048144389 
68,986 9.5009203 

71,1879.5013588 



4385 
4381 



9.5017969 4jyg 



4374 
4371 



78,59x9-50**347 
81,7949-5016721 

84,9989.503109114367 

88,1029.50354594363 
91,407 9-503982*r^ 

4356 
4353 
4349 
4346 
434* 



94*6139-5044181 

97,8x99.5048538 
201,025 9.505289X 

204,132 9.5057240 
107,440 9.506x586 
210,6499.5065918 



213,8589.5070267 
217,0679.5074602 
220,2789.5078933^^ 
223,4899.508326x^325 
226,70c 9.5087586 
129,912 9*509x907 



. 43»7 
233*"5 9.5096224 ^3,5 

236,33s 9-5'00539[^3,o 

239'552 9-5'C4849 
242,76c 9.51C9156 

3245,9819.5113460 



9.5117760 



Co- tangents Dift 



^1 



4339 
4335 
433" 
43*8 



4311 



4307 
4304 

t30o 



509 

505 
500 

497 



494 
489 

485 



Co-tangents 



17 Degrees. 



10.5146610 



10.5142093 
10.5137581 
10.513307a 
10.5x28567 
10.5124067 
10.5119570 



32539,184 
32505,508 



10.5115076 
10.5110587 
10.5106102 
"^^j 10.5 101620 
"*7 10.5097142 

1Z5I 10.5092668 



^^70| 10.5088198 
" 10.5083731 
10.5079269 
10.5074810 
10.5070354 
10.5065903 



K67 
4.462 

H-59 

445' 

+^48 

4443 
4441 

443^ 

4433 
4429 

44*5 

4422 

4417 

4415 

44.10 

4407 

4403 
4400 
4396 

439* 
4389 

43«5 



10.5061455 
10.5057012 
10,5052571 



32708,526 



32674,529 
32640,596 
32606,728 
32572,924156 

55 
54^ 



32471,895 

3H38>346 
32404,860 

32371,438 

32338,078 

32304,780 



32271,546 

3"38.373 
32205,263 

32172,215144 

32139,228 

32106,304 



53 
5* 
51 
50 
149 
48 

47 
46 

45 



32073,440 
32040,638 
32007,897 



4381 

4378 

4374 

437> 
4367 

4363 



io.5048i35]3i975**>7 
10.5043702 3i94a>598 
10.503927 31 31910,03 9 

10.5034848131877,540 
10.5030426 31845,102 
10.5026009 31812,724 
10. 502 1594'3 1 780,406 
10.501718431748,147 
10.5012777131715,948 



10.500837431683,808 
10.5003974 31651,728 
104999578 31619,706 
10.4995*86:31587,744 
10.499079731555,840 
10.4986412,31523,994 



436c 
4356 
4353 
4349 



10.49S203 1 , 3 1492,207 
10.4977653.31460,478 
10.4973279131428,807 
10.496890831397,194 
10.4964541131365,639 
10.496017831334,141 



10.4955818 
10.4951462 

10.4947109 
4346 ^^-494*760 
J-^y '0.4938414 

Zil- 1 10.493407 2 

'^^^^10.4929733 
10.4925398 
10.4921067 
10.4916739 
10.4912414 
10.4908093 



4335 

433* 

4328 

43*5 
4321 

43^7 

43»5 

4310 

4307 

43^41 
43C0 



10.4903776 
10.4899461 
'0.^895151 
10.489084J 
ia488654c 
10.488224c 

Dif^lL. TangT 



31302,701 
31271,317 
31239,991 
31208,722 
31177,509 

31146,353 



3>»>5i*54 
31084,210 

31053,223 

31022,291 

30991,416 

30960,596 



30929,831 
30899,122 
30868,468 
30837,869 
30807,325 
30776,83s 

N. Tan. 



60 

59 
58 
57 



43 
42 

41 

40 

39 
38 

37 
36 

35 

34 

33 
32 

31 
30 

29 

28 

*7 
26 

*5 

if 

*3 
22 

21 

20 

19 
18 

17 
16 

15 

13 
12 

II 
10 

9 
8 

7 
6 

5 

4 

3 

2 

1 

o 

M 



M 



I 

2 

3 

4 

5 
6 

7 
8 

9 
10 

II 

12 

»3 

'5 
16 

17 
18 

19 

20 
21 
22 

as 
a4 



N. Sec. 
0456,918 



*5 
26 

27 

28 

29 

30 



3» 

3* 

33 

34 

35 
3_6 

37 
38 
39 
40 

41 
4i 

43 

44 

45 
46 

47 
48 

49 
50 
51 
5* 
53 

55 

56 

57 
58 
59 
60 

M 



0457>848 
0458,780 

0459,712 

0460,646 

0461,581 

0462,516 



<h63»453 
0464,391 

0465,330 

0466,270 

0467,211 

0468,153 



0469,096 
0470,040 
0470,986 
0471,932 
0472,879 
0473,828 



o474»777 
o475>7*8 
0476,679 
0477,632 
0478,586 
0479,540 



0480,496 
0481,453 
0482,41 1 
0483,370 

0484*330 
0485,^91 



0486,253 
0487,217 
0488,181 
0489, 144 
0490,113 
0491,080 



0492,049 
0493,019 

0493*989 
0494,961 

0495*934 
0496,908 



0497,883 
0498,859 
0499,836 
0500,815 
0501,794 
0502,774 



0503,756 
0504,738 
0505,722 
0506,706 
0507,692 
0508,679 



0509,667 
0510,656 
05 1 1,646 
0512,637 
0513,629 
05 '4*6**1 1 



L. Sec. 
0.0194037 



0.0194423 

0.01948 IQ 
0.0195197 
0.0195585 
O.OJ95973 
0.0196361 

0.0196750 
0.0197140 
0.0^97529 
0.0197919 
0.0198310 
O.OI987OI 



0.0199092' 
0.0199484 
0.0199876 
0.0200268 
0.0200661 
0.0201054 



0.0201448 
0.0201842 
0.0202236 
0.0202631 
0.0203027 
0.0203422 



0.0203818 
0.02042 I 5 
0.0204612 
O.C205OO9 
0.0205407 
0.0205805 



0.0206204 
0.0206602 
0.0207002 
0.0207401 
0.0207802 
0.0208202 



0.0208603 
0.0209004 
0.0209406 
O.O209S08 
0.02 1 02 XI 
0.0210614 



D 



386 
387 

387 
388 

388 

388 



389 
390 

389 

390 
391 

39' 



39' 

39* 

39* 
392 

393 
393 

394 



395 
396 

395 



396 

397 
397 
397 

39Si 
3981 



Co- fi 

9.9805963 



mes 



9.9805577 
9.9805190 
9.9804803 
9.9804415 
9.9804027 
9.9803639 



9.9803250 
9.9802860 
9.9802471 
9.9802081 
9.9801690 
9.9801299 



9.9800908 
9.9800516 
9.9800x24 

9-979973* 

9.9799339 
9.9798946 



9.9798552 
3949.9798158 

??tl9.9797764 
9.9797369 

9.9796973 

9.9796578 

9.9796182 

9.9795785 
9.9795388 

9-979499' 
9-9794593 
9.9794'95 



??? 9.9793796 

9.9793398 
9.9792998 

9-979*599 
9.9792198 

9.9791798 



398 

400 

399 
401 

400 



0.0211017 
0.0211421 
0.0211S25 
0.0212230 
0.0212635 
0.0213040 



0.0213446 
0.0213852 
0.0214259 
0.02^14666 
0.0215073 
0.0215481 



Co-fecants 



0.0215889 
0.0216298 
0.0216707 
0.0217117 
0.0217526 
0.0217037 



401 
401 

402 
402 

403 
403 



403 
404 

404 

^05 

405 



9.9791397 
9.9790996 

9-9790594 
9.979019* 
9.9789789 
9.9789386 



9 



9.9788983 

9.9788579I9 

9.9788175 

9.978777c 

9.9787365 

12i 9.9786 960 
406 



406 
407 

407 
408 



408 
^09 
409 

4IC 

409 

411 



D 



9.97865549 

9.9786148 9 

9.9785741 

9.97853349 
9.9784927 9 

0.97845x99 



9.97*4'" 
9.0783702 

9.9783293 
9.978*883 

9.9782063 



L. Sir e 



63,048 



62,197 

6'*345 
60,492 

59*639 
58,785 
57*930 



57*074 
56,218 

55,36' 

54,50* 

53,643 

5**784 



5'>9*3 
5 1,062 

50,199 
49*336 

4^*47 3I43 
47*608 4i 



46,743 
45*876 
45,009 

44,'4' 

43**73 
42,403 



4'>533 
40,662 

39,790 

38,9'7 

38,044 

37,170130 

29 
28 



36,294 
35,4'8 

34,54* 
33,664 

32,786 
3'*907 



31,027 
30,146 
29,264 
28,382 

*7*499 
26,615 



60 

S9 
58 
57 
56 

55 
541 

53 

5* 

5" 

So| 

49 

48 



47 
46 

45 
441 



41 
4o| 

39 
38 
37 
36 



35 
34 

33 
32 

3' 



*7 
26 

*5 
*4^ 



*5*730 
24,844 

23,958 

23,071 

22,183 

21,294 



20,404 

9*5'4 
8,623 

7,73' 
6,838 

il944 

5,050 

4»'5^ 
3,258 

2,361 

1,464 

0,565 



N. Su.c 



*3 
** 
21 

20 

'9 

18 

'7 
16 

'5 

'4 

'3 
12 

XI 

10 

9 
8 

7 
6 



3 

2 

I 

o 



i 



72 Degrees. 



1. .'a»> 



J I ueg-ws. 



•J I Degrees. 




70 Degrees. 



KeNTsmmCT 



34»OA 



9-i Wi' 



1 j4J(.6eS9.sj474S: 
j34lS,40c;9.s3S&9iS 
4l;4Ji,'n'9-S3S4J7S 
iii4i;.ati9-sjS7Sj= 

7.1439-;»9 9-53*471- 

!, 1441^*0 9- S3681B4 
9lJ444.79'9-SJ?'6»9 

io!J447.Si';9.iJ7507i 
11,5450.151,9.5371(501 
i'!34j».9^^>S lSi94 3 
i5'Mi5.7"9-S3*5J7S 
i4;34S».44" 9S3^S*<M 
:S.;-i6'.';',9-S39»»J" 
1*,>403,9'^9-SJ9J6S3 
17 i466,6i£.9.5}9907j 
ill 3469.} 57 :9- S40i4»9 
r 9; 1471,035 9. S4«5903 
id}474-»"|9-S4091l4 
»iiJ47?.54<>|9-S4i»7»i 
Ij|j48'».»67 9.54i6ij6 
»J 14S»,994!9.5+'95»7 
■4^ i4iSi7*° L9-S 4J'9J ' 
■S)4»8^7 9.5436j» 
*349".'73[9-54i97' 
■7!j493.*9Si9.S4H'0 



6.5446631 
9.5450005 

" MS}i76 
54^6745 
5460111 

9-546*831 
9.54701a? 
9-S473541 
9-547*891 
9.5480140 
9vS£35is 



9. 5486917 
9-5490166 
9-5493601 
9-549*935 

■e5 

9.550359: 
9- 55069 H 
9.SJI013: 
9SS'J!56 
9.5516871 
■55:0184: 
5513194 
9.SSi*S< 
9.5530">5 
" 5533406 
9.5536704 
9-5539t99 
MS43»9i 



go Degre es. 



10^51307318168 

10.4509734 18147 
10^506398 18115 

'■4S°30*5 '8103 
'.4499735 »8iB» 
[0.449640S 18160 



L. i>ec. 



..4493084 



'■44B. . ,..,„ 
10.4479K16 18053,148 
- 47650616051, 



i.4473'99»8l.„,.^. 
,.446989517989,140 
..4466594 i79«7,gj3 
1.446319617946,64 
■.4*60001 179' 5.44. 
10,4456708 17904.18 



N. S« 



69 Degrees. 



3801,9: 

3805.31 
1808,633 



3815,196 
3818,63 1 
3851,967 
3835,303 



58ooo9< 
580389: 

5807691 
5R114ES 

58.5181 
5819074 



Co- 



5811864 
581665, 
,5830435 

5S34»>7 
5837997 
:84^77^ 



-tangent 



tiS degrees, 



08 (Jegrcej, 



»2 Degre e, 




Lysine 



2^ Degrees 



._. ^ 

9S9»7fi9S 
9.S9J066' 
■S9S3*1 
,5926594 



J907J 

»o9.9 . 

912,666 

, ,9'S.J43 

t ;9i3,oi9 

; J9io,69S 

* i'NlSL 

, , 47 9-59;9SS5 

g j9iS,72i9.i94i5i3 
9 '9J',»7 9-59454*9 
.3 .»j4,07i9.594S+ii 
iil9I».745 9.S9S'J73 

1 9]9.4;9 9-59543 
j;9-S957» 
ib 9.59601- J 
199.5963154 J 
119.5966093 



IS J974.'4S 

'7 J979.486 
iS»9Si.i;S 
19 ]9S+,8i3 
;q }9S7.49 



1-59*9=1° 1935 
1.5971065 ' 



9-5974»97io« 
;9-S977Si7i«7 

,.5983679 ' 

9.59^16601 

9-5989 



9.5991+4. 
■9-S9951S7i, 
9.5998170 ^, 



; 9.600990. ^^^ 
.., . J 9-*o"So3 190, 
3995.49* 9-*<"57o3 ' 
„ 3998,15819.6018600 
,(4ooo,8»5,9.6oii495 
{b 4003.49° 9-* °J4383 
37 4006,156^9.6027178 

9.603305. 
9.6035956 
9.6033117 
9.604169(1 
,.6044573 
9.604744S 
9.6050310 



(.2 4 019.47S 

. "4.*o4 

toi7,467 

4030,119 

4031,791 

. 4035-4S3 

19 403i,li49-6o6i786 
759.6064647 



;i 4046,096 

53 4048,75^ 

54 4q;[,4'6 



^54064,70 



S05JI91 



9.607036. 
9.607311L 
9.607606S 
9.607S91S 



h">''./i-:5<---X-/-Jia4'> 
l°59.39; 9-*o»46" 1S43 
p62,05i 9-6387454 1840 



9,6090194, 3 jg 



t^7,-;66 9 .6093133 



0.+015101 
0.4011173 
0.4019146 

..4013398 
1^4010477 



,4078145 

7517: 

,407130; 

>o69334 
.4066369 
.4063406 
.4060445 

.0574S7 
■4054531 
.4051578 
.404S617 

.41731 
.4039788 
,4036846 
,4033907 
,4030970 

l£i5 



.4007559 
..4004643 
..4001730 
...99BS19 
..J995910 
'■'99V 



1.! 990099 
..J9S7197 
I.; 984197 
..398 1400 
[0.3978505 
-39756 
■J9717' 



'5T93.°47 

'S575.5» 

;55S8,<'i: 

15540.548 

■55»J< 

.5505.680 

■ SiS^ ' 

.5470,915 

5453-57 

S4j6.»S3 
.5418,96; ^ 
.5401,694 49 

5i84>4Si " 

Sl67.»38 

5350,048 
.5311,883 

51'S.744 
.5198.630 

S »8i,54' 
.5164,478 

5'47. . 
.5130,416 
.5113,438 

5 "96.47 5 
■5 '79.5 3 7 

■5'4S.73S 

;5"8,a7 

,5111,03; 

•S595.»ii 

J07B41J 

.;q6i,66j 

.5044,913 

.501" 

5011,515 



.4994,848 
14978, 

.4961,586 
14944.99 
i966948|i49=8, 



3964064 
396. iSj 
1 95^30 4 
1955417 

395-s;- 

3949681 
o,J946Si, 
'■J94J945 
1-394'° 
,.J9j8i 
'•J9JS1S3 
■-39!»494 
o. J 9196 3 8 
J.J9167B4 
'-!9'391i 

'-;9'32JS 
1. 39 15389 

), 5911546 
1.3909706 
t 90686- 



L. Sec. 



14666,538 
,4650,371 

;4634.ii: 

14618,106 

'45 »5i933 
N. 



. 35" 
etS°9 

,3505 

7 JS04 

8 35^ ■ 
g JS«~ 
6 3-^9* 
1 J-9' 
sl-»93 



^9° 



J4S 
14 S6 

siiZ? 

J+7 
347 



415'.s83 9-6'8647^ 
' 4355.043 9-^J*99»S 
.J43s8.50+»-^f9337S 
J4436'.966 9-6i9*Sij 
1543*5-4199-6400169 
it 4368,893 9-6 4a37M 

3B 



66 Degrees. 



3+37 



4372.357 9-64a7'i6 
4375.S139-64I0S97 ' 
,4379,189 9- *4'4oi* 3 
'43S'.756 9-6417473' 
I 4386,114 9-*4»09o^-'-' 
; 4189,69 3 9-6 414341 lil. 
434393.1*1 9-*4»7771 "'■ 
444196,634 9-*41"03 343 
45!44co,io59-*'H463' 3* 
4* 4403,578 9.64380 57H 
4407,051 9-*Vl'-t*' ^' ■ 
44'°. 516 ?^*4519£3 liif 
,4414,001 9-644*314 3<*" 
■44'7.477 9-6*S'743 J*' 
4410,954 9-*4S5'6«" 
).. 4414.431 9-6458575 5' 
51 4417,910 9.6461988 3t' 
54 4431,390 9.6.65400 34_' 
5S44J4.S7' 9-6+688io3 

56 4438.1Si9-6»7"i7 3 ■ 

57 4-»4'.«34 9-6*75614 34°, 
SS444!.3'8 9-6;79oi*''*°T 
594448,8019.6,8143' 5'°^ 
' ;i,i87q.6 85831 jj;^ 

Co-wngents |Dift 



_ 23 I>|Eft«'. 



iQgenU 



5463,58! 
]444.<7a 



»J4»J.787 
4 1)406,4x8 

i»69,»87 



If ii±>+.)'i 

5 »!»75>63' 



7 l}10I,ltD 

.1 i}iii,6oe 
fl tj 164,076 

9 >1"*5.S7' 

11117,09a 

1 k {090,106 
J i]a7i,loi 
14 »Jo5M" 
4 >io] 1,064 

7 »J0i«,7s» 



11980,143 
. .19* 1,88 s 
.5M943.6S» 

i»9iS,44» 

S7.»S7 
9,096 



4 "870,959 
,3 »!5i,S4e 
•1 »»<M.7S* 

17 >iSi6,e9>j 
r*»i 798.651 
;S 11780,636 
[j M76i^ 

I7«i744i6;* 
i9!ii7t6,7i9 
1,31 11708,807 
191x1690,909 
1711 673.Q35 
Si»6s5."*4 
i7|"«37.3S7 
[0|li6l9,SS4 
iS»a6«.,773 
jl»l584.o'5 
t6oQ»»S«^ 



'S4«,57 




>S6 3,604 
10864,9^6 
:oS66,l89 



10867,634 10.0361351 

■0868,9791 ' ""' 
10870,316 



50 ta93X,i!i 10.03S71 



o»41>53' 
.0944,946 
0946,3^3 



OJS9739 
0366176 



I Co-f inw 
I9.964036 
51719,963971419103, 

il7l9.f,630.S7 9: 
5J7 9,,63i6so9! 
5389.9638; 



.l6iSS3 

1361964 53*19.9617016 



- 636496 

6iS9S7 

635417 



'S^96o 
S9 



9'9S>»31;, 
9194,783,3, 



il 



6343779191,644130 

6341369""" 

6337959 

633153 gigo'"?'*? 

631711 j|ll9,o6o|46 
632168 9ii7,9ixj45 
631615 9186,763144 
631081 9185,614^4,3 
?1?S1* 92*^46*^ 
61999*9 >8l>3'l'4" 
619449191 Sij 1 6t 40 
61850419181,009 J? 
6i33SlSi5i79,S5j3i 
6x7811 9'7».70i Si 
617166 9 177_£546 j; 

61671919176,391 i- 

616171,9175.134* 

61561419 1 74,077, i; 
61507619171,91 91^5 
61+5x7191; i,76o'3, 
613978 11 170,6 1 1 30 
61341819169,440 19 
6118789161,1791? 
6ii3i^9i67,ii1iK- 
6il777 9''S.9;Si6 

6111x6^164,791 !• 

6x0111 9>^i>46ii; 
61956919161,19713 
619010,9160,13011 
61^46319158,963 ic 
6iTOon9'S7.795'! 

;: 9156,616 ll 



6173: 



6140109149,5971" 

Si 3461 9148,' 
,6,J:>-.9-96ll904 9'47ii47 
L|S5K|y.9Ci2,46 9i.-.6,07i 

559,9.96117879144,^95 

559,9.9611118 

S.*^aji6io668 

r6o|9.96._...,. . . 

S609.96,'<i<;4S|9'-io,iJj 

!^' 9.96QBfiS-:9i-; ,001 
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'■J4T9479 

1.3476965 
'-34744t= 



10. 147 '94: 
■J46»43= 
J4«9»3 



,J4S69'4 "I 
■34S44I6 
.54519191: 
">-J4494»! *: 

,34469 !> 



14419" 

343946-; 

14; "975 

I ".141*495 

.143«ol 

1,3.3419; II 






»»+S0,M9 
,340+79^ ..417,770 j, 
. 1507160 i»4H."9 11 
0.1504716 n 4"iSS 5 ^0 



1499661 11185^61 18 
1497iJ»»*37a.4JSi7 
3494*05 '»JS9i4'9>* 
10.3491080 ti]4',4M 15 
1489556 W311.43* »4 



»3«M74 
il07,sif 
1194,59, 

IuSi,6gi 

.68,783 

"»55.9<'3 



"43'OJ9 ' 
1130,191 1 

i7,3«; ' 



[0.1464419 11104,543 

ia.l4Ai9i6 11191.75: 
34594M "' 7».97: 



.ii^=,6i; 

.1077.3^: 
.11, 6^69! 



^3 Degrees., 



° 4*7 7' 3** J-M*'*; 

4Mo.»i7 »'6S*S<»»l|^, „ 

4ag4,5ic 9.«U>v ^^ 
■ '■" '13 »-'«9«41<' jmi* 



1.96 

1194 

,- , ^ J«»9]i9i 
4916,997 9.6917000 j»t, 



■' 494'.3 



'9 »945.9 



J491S.-,- 
' Ml!,689 

,918). 

. .-S49 9' 
49i3.'7' 9- 
--i MS*.7M »■ 
»1 4960,418 9 
49^4.041 9 
»S 49'7.**9 J 
'' 4»7',«97 S 
»7 4974.9»S 
^ 49r«,Sf 

t9«5.g» 



5003,989 



50M, 



5014,906 J. 
5«''.547 

5015,831 
5019^7 " 



5=13. 

5036,768 

5040,41 5 

S044,o6j 

5047,7. 

5051 



5055,015 
5058.668 

50*5-977 
5069,633 
i°71.J9t 
5076,94s 

5084,167 
5057,919 
5091,591 

9S>»S4 

Co-tan^nts 



'6,;ij6s 



II7I 1187 



491",454»-'9»975" i 

If. 69519 j4 

i).69i6ii7 
■6 939198 

»-«94»478 
l-694i6s« 
l-*i4i>3l 
1.6951009 
^6955 183 
)-6 9l8i55 
).69«i5i7 
1.6964697 
1-6967 865 
9.6^ioii 
9.6974198 
9.6 977361 
9.6980516 
».698]6l7 
>.69i6g47 



9.6993164 



»-*999474 
9.70016*8 

9.7005780 
9.7008950 

9.7011080 
.701 5"7 



9-7018374 
9.7011519 

9.7014663 

9.7017805 
9-7030946 

|6j 9. 7054086 
9.703711 1 
9.704036: 
9- 7043497 
9.704663: 
9,7049765 
9.7051B9; 



.705601, 
1-7059 1 51 
9.7061184 
9-7065410 
,68s,. 



26 D^^ees. 



N. Sine 

4694,7 H 

4697,284 
4699,852 
4702,419 
4704,986 

47'o>"9 
4712,685 
4715,250 
47»7*«X5 
4720,380 
4722,944 
4725,508 



o 

-, 

2 

3 
4 
5 

7 
8 

9 
xo 

II 

12 

*4 

»5 

16 

«7 
i8 

19 

20 

a I 

22 

23 

if 

26 

^7 
28 

*^f4769,o3i 
3c 



L. Sine 



9.6716093 



9.67x8468 
9.672084X 
9.6723213 
9.6725583 
9.6727952 
9.6730319 



9.6732684*3^5 



9«673S«^47 
9.6737409 
9.6739769 
9.6742128 
9.67444B5 



Dyt 



»375 

2373 

2372 
2370 
2369 
2367 



2362 
2360 

^359 
»357| 



9.6746840 
9.6749134 
9.6751546 
9.6753896 
9.6756245 



4728,071 

4730>^34 

4733*»97 

4735*759 

473^»^»i . - -, 
4740,8829.6758592 



4743»443 9-6760937 






3' 

32 

33 



344781,^10 



3-5 



- - 4784j3«4 9-679*»4J ^L^ 
36 4786,919; 9.^80056* ^ '* 



4^ 

j 43 
•44 



( 



45 4S<^888 9.6^21 349 

46 481^,43819.68^3651 

47 4*«4>987 



}14? 

49 
50 
«5« 



53 
5f^ 
5$ 



f 



4746,004 
4748,564 
4751,124 

4753*683 
4756>a4a 



4758,801 

4761,359 
4763*9 17 



4766,4749.6781972 



477i,5«8 9.6786629 



4774,144 

4776,700 

4779>a55 



9-^79"79^^4 
9.6793602 ^ ^ 



37 4789>47i 

38 4792,026 

J 594794*579 
r46 4797,131 

41:4799*683 
4802,235 



4807,337 



4817*537 



4820,0$ 6 
4822,634 
4835,182 

5«|4827,730 
4830,277 

48.32,«24 



4855*370 



5%'837,9i6|9,6846583 
4^40^462 



I 57 
58 

5914845* 5 Sif9-685343» 
60 



9.6763281 
9.6765623 
9.6767963 



9.6770302 l^^ 
9.6772640 ^^ 



9.6774975 
9.6777309 
9.6779642 



e o ^ 2120 

9.6784301 ^ I 



9.6795923 



2321 
2320 



9.68o2S77:;^ 
9.6»o5i9^^3,^ 

9.680981^ 3 

9.68.2126 ^l^g 
9.,6« 14434 y 



4804,786 9.681*6741 



9.6819046 



2307 
2305 
4303 
2^2 

9.6^2595^ *^^g 
916^28^50 ^ 



9-6837430 24^ 
9.6839740^4^.^ 

9.6842010 — ^ 
228 

2286 

2285 



9.6844297 



. _ . 9.6848868. g^ 

4«43,oo7|9.685ii5i^^gJ 



484S,o9 619.6^55712 



n *• 



Co-iines 
1^ ■■■ 



1355 

4354 
2352 

2350 

2349 
4347 



28 tyegtees. 



Co-/ecants 



*345 
1J44 
2342 

234c 



2335 
»334 

*333 
2330 



2280 



DifF 



WiM. 



0.3283907 21300,5 45 
0.3281532 21288,899 

^-3*79*59 41^77*467 
0.3276787 21265,651 
0.327441721254,048 
0.3272048 21242,460 
0.3269681 21230,887 



0.3267316 212x9,328 
0.326495321207,783 
0.3262591 21196,253 
0.3260231 ^1184,737 
0.325787221173,235 
<>• 3*555^*11^1*748 



0.3253160 21150,274 
0.325080621138,815 

o-3»48454aii»7*37i 
0.3246104 211 15,940 



o*3»43755 



0.3241408 11 093,121 4.2 

0.323906321081,733^ 
6.323671921070,3594.0 
0.3*34377*1058,99839 
0.323203721047,65238 
0.3229698 21036,320 37 
0.322736021015,002 36 



xjt occ* 



60 

59 
58 
57 
56 
55 
5* 

53 
5* 
5^ 
50 
49 
48 



*7 
46 

4^ 



21104,5234.3 



0.3225025 21013,698 
0.3222691 21002,408 
0.3220358 20991,131 
0.^218028 20979,869 
0.3215699 20968,620 
0^3213371 20957,3 85 ^ 

0.32 1 1045 20946,164119 
0.3208721 20934,957 
0.3206398 20923,764 
0.3 20407 7j 20912,584 
o. jzo 1757 2090 1,41 8 
0.3199440 20890,265 



0*319712320879,127 
0.3194809 20868,002 
0.3192496 20856,890 
0.3190184 20845,79% 
0.3187874 20834,708 
o.3i85566[2o823,637 



0.31832591208x2,580 
0.3x8095420801,536 
0.3178651 20790^506 
0.317634920779,4^9 
0.3174048 20768,4^6 
0.31.7x75020757^496 



o. 3 1 69452 20746, 519 
0.316715720735,556 
0.31648^63 20724,606 
0.3162570 207 i3>67o 
f^. 3 160280 2070^,746 
0-3*57990 20691,836 



0.3155703 20680,940 
o-3'554'7*o670,o56 
0.315x13220659,186 
0.314S849 20648,328 
0.3146568 20637,484 
0.3144288 2o6ft6,653 



35 

341 

33 

3* 

31 

30 



28 



*7 
26 

*5 
H 

*3 
22 

21 

20 

«9 

18 

17 
i6 

IS 

14 

'3 
12 



IX 

10 

9 
8 



N. Sec> fM 



61 Degree*, 



M 



N.Tan. 



5317,094 9.7256744 



1 

2 

3 

4 



7 
8 

9 

o 

I 

a 



5 J43^»4* 9-7*7^04* 
5346,981 9.7281087 

15350*7*3 9-7*841*4 
5354^659.72871*1 

5358,208 9.7290196 
5361,953 9-7*93*30 



7 
8 

9 
o 

21 

22 
23 
24 

*5 
26 

27 

28 

*9 
30 



5365,699 9.7296263 
415369*446 9*7*99*95 
5373**94 9-73o*3»5 
5376,943 9-7305354^ 
5380,6949.7308383 



3* 
3* 
33 
34 
35 

37^ 

39 
40 

41 

43 

44 

45 
46 

47 

l! 

49 

o 

x 

2 

3 

4 



5320,826 9.7359791 

53*4»559 9-7*6*837 
5328,293 9.726588 1 

5332^0299.7268925 

5335*7659-7*719^7 
5339*5039-7*7500^ 



L. Tan. 



Dif: 



304 
3046 

3044^ 
3044 
3042. 

3041 



3040 
3039 

3037 
3037 
3035 
3«>j4 



3033! 
3053 

3030 

3029 

3029 

5384.445l9-73"4>o :'^^ 
5388,1989.731443611^^ 

5391*95*9-73*7460^,011 
5395*707 9-73*04*4^027 
5399*464 9*73*3506 ^ 
5403,3219.73*6537 
5406,980 9.7329547 



5410,7409.7333566 
5414,501 9.73355U 
5418,2639.7338601 
5421,0279.7341616 
54*5*79 '5-734463^ 

54*9*557 9- 7347644 . 
5433*3*49-7350656^^1* 
5437*09*9-7353667^0,^ 
5440,862 9.7356677 ,008 
54*4,632 9.73596*5 ,ooS 
5448,404 9.736*693 l^^ 

545*>*77 9-736s69»> 



3«21 

3020 



3019 
3018 
3017 
3015 

3015 
301 



5455*95* 9-7368705 
5459>7*7 9-7S7'709 
5463,5039.7^74712 



3006 
3004 
3003 

5467,28119^75777142^ 
547**060 9.7^80715 J^ 
5474,840 9.7383714 -2Z? 

5478,6219.7386713^ 
5481,404 9,73897*'o ^; 
5486,188 9-739*707 J^l 

5489,973 9-739570* Zii 

5493*759 9-739»96 J^ 
5497*547 9-740^689 -^^ 

5501,3359-7404681^^ 
5505,125 9.74^7672^?;^ 
5508,9169.74x0662^^15 
55x2,7089.7413650^3 
5516,5029.74x6638^8^ 
5520,2979.74x96^4 



7 
8 

9 
60 



^ *985 
55*4>093b.74**609j^8j 

5527,8909,7425594 ;g^ 

553**6889.7428577^^8^ 

5535*4889.743*5592981 
5539**88 9.7434540 aiso 

5543,09i|9.74 r7«;20 



Co- tangents 



Difft 



Diff 



3<H7 
3046 
3044 

3044 
304* 



Co-tangents 



*^F 



10.1743456? 



ifl3 10.2714993 



3°4o 10.171x951 
3°39 10.17 1S9 1 3 
3^37 10.1715876 
3^37 10.171^839 
3°3S X0.1709804 
3'°34 X0.1706770 




3^*4 ,0.1681540 
3^*^x0.1679516 
3°** 10.1676494 
3°*' 10.2673473 
}2^ 10.1670453 

lt\t «o-»667434 
3^*" 10.1664416 
3^*7 10.(661399 

J ^ 10.1655369 




10.1740109 
10.1737163 
10.17341X9 
10.1731075 
10.1718033 



10.1703737 
10.1700705 
10.1697675 
10^1694646 
10.16916X7 
10.1688590 



10. 



1651356 



10.2649344 
10.1646333 
10.1643313 
10.1640315 
10.2637307 
10.1634301 

3^* i0.r6s.195 

3®** ie.26iii|6 

10.161911 c 

iSi! 10.1616186 



*999 ,0.26,3187 

1007 '^•** '<**?<* 

997 10.2607193 

M« »*^**^iS04 
"^ »0' >^9*3" 



imI "••59SS»9 

^ a 10.2591318 

iSIS "0-*S8933« 
a588 '<^*5M3So 
2996 «°-»5j3368 

S4S1 '<'-*S7440« 



8807^165 



60 

8794*074 59 
8780,89858 

8767*73657 
8754*58856 

874**455 55 
8728,336 54 

8715**3153 
8702^141 5a 

8689,065 51 

8676,003 50 

8661,955 49 

864 9,911 48 

8636,901 47 
8613,89646 
8610,905 45 

8597*94844 
8584*965 43 

8 57**015 4* 



1^559,08041 

8546,15940 

8533*25* 39 
8520,35838 

8507*479 37 
84 94*61 3 36 

8481*761 35 
8468,913 34 
8456,099 33 
8443,189 31 

8430*49*31 
8417^70930 



8404,940 ^9 
8391,18428 

8379*44* f 7 
8366,7x316 

8353*999*5 
834'>*97 *4 

8328,61023 
8315*936 >* 

•303**75 H 

8290,628 20 

8*77.994 19 
8*65,374 18 



18252,767 17 
8240,173 x6 
8227,593 15 
8215,026 14 
8202,473 13 
8189,932 12 

8177*40^11 
8164,892 10 
8152,391 9 

8139*904 8 

8127,430 

8114,969 



8102,5*1 s; 
8090,086 

8077,664 

8065,256 

8051,860 

8040,47^ 

N. Tan. M 



2 
1. 



a 8 Degrees, 



Ml 



1 

2 

3 
M 
5 

7 
8 

9 

lOl 

11 
11 

ij 
14 

15 
16 

17 
18 

19 
10 

11 

12 

*3 
*4 

*5 
26 

17 

18 

»9 
30 

3» 
3* 
33 
34 
35 
35 

37 
38 

39 
40 

41 

li 

43 



'4 

J! 

49 
s? 
51 
5* 
53 

m 
5 



I 



5 

57 
581 
59., 

60 i 



N . i»ec. L. i>ec. 



315,701 



3*7»453 

3*9**07 
330,962 

33**719 
334^478 
336,238 



337*999 
339,761 

341*5*7 

343**931 
34S>o6o 
346,829 



348,600 

350*37* 
352,146 

353*9*1 

355*697 
357*476 



359**55 
361,030 

362,819 

364*603 

366,389 

368,176 

369,965 

371.755 

373*547 

375*34i| 

377*135 

378*932 



380,730 
382,519 
384,330 

386,133 
387*937 
389*742 



391*550 
393*358 
395*169 
396,986 

398>794 
400,608 



402,425 

404.243 
406,062 

407,883 

409,706 

411*530 



4i3>356 
415*183 
417*01* 
418,842 

4*0,674 

4***597 



4*4*34* 
426,179 

428,0x7 

429*857 
431,698 

433*541 

Co-i'ecants 



0.054Q65X 



^^* 9-9458677 8828,110 59 
0.0541995 67! 9-9458005 



0.0541323 ^Jj 



o.0542668|::lf 9-945733* 
0-0543341 ^^39.94566598814,002 



0.054401 5I; '"J 9-9455985 
0.05446901-12 9- 945S3*o 



0.0545364^7^ 



0.0546040 



^4636 
67.p-^"96o 
0.05467156-6^-9453285 
0.0547391 ,'9.9452609 

0.0548068,;; 9-9451932 
0.0548745^9-9451255 



).o549423|^' g 9.9450577 

0.0550x01 ^!. 9.9449S99 

0.O55O78o1aI39.9449220 



o. 
o. 



•<>551459 679 9-9443541 
'•<555* 138 680 ^•9447862 
1.0CC281S — 0.Q447181 



0.05528 1 S 



68 1 , 

<^-0553499k«J9'944650i 



680 6 

0.0554179 68a **94458*i 
0.0554861^2^9.9445139 
0-0555543 682 9-9444457 
0.0556125 ^g 9-9443775 
0.0556908 ^ 



<^*o55759i ^g^9-944*4«9|8795*i02 



0.055827!^ 



0.05603^^ ^gg 9-^39671 



0.0561015 



0.0569280 



0.05769x7 
0577614 



D 



Co-iines 



678 



679 



684 



0.0558-954 coZ 9.9441041 
o.o5$^4fl^4i 99440356 

9-=943967i 
9. 9438985 



686 



0.0561701 gg 
0.0562388 gg^ 9.9437612 
0.0563075 gg^ 9-9436925 
0.0563762 ^g' 9-9436238 
0.0564451 ggj 9.9435549 
0.0565139 .^1119.9434861 



0.0565828^^9.9434172 
0.05665x852^9.9433482 
0.0567208 gj^ 9-943279* 
0.05678985!; 9-943* 102 
0.05685895^,9*9431411 



0.056997a 5^ 9.9430028 

0.0570665 5j^ 9.9429335 
0-0571357 6049-942864^ 

0.0572051 5JJ 9.94*7949 
0.057*7456049-94*7*55 
0.0573439 



695 



0.0574134 6i's 
0.05748295^119.9425171 
0-05755245^^9-9424476 
0.05762215^^9-94*3779 



697 



698 
0.05783125^39.9421688 



0.0579709 5^J 9.942C291 



61 Degrees^ 



9.9459349 




9*9447 



8811,66047 

8810,28446 

8808,907 45 

8807,530 

$806,152 

88<H*774 



8ao3,394J4i 
8802,014 
8800,633 
8799,251 

. 8797,869 

9.944309a 3796,486 



9.9441725 



9.9438299 



8778*437 
8777.043 
8775*649 
8774.254 

. 8772,858 

g.943072 8771,462 



9-9426561 



9.9425866 



9.9423083 



9.9422386 8754,645 



8753,239 
^0.05790x0 5^^ 9.942oc)9o|875i,83a 



, 8750,425 
0,058040^ III 9-9419592 8749*016 
0.058x107,^9-94188938747*607 1 
o.o<;8x8o7 ~- 9-9418 193 8746, 197 9 

= P I -: -- - ^' 



L. Sine. 



8829,470 60 



8826,743 
8825,376 



8822,638 
8821,269 



8819,898 

8818,527 

8817,155 

8815,782 

8814,409149 

8813,03548 



44 
43 

1-2 



8793,717 
8792,332 

8790*946 
8789,559 

8788,17 1 
8786,783 

8785*394 
8784^004 

8782,613 

8781,222 
8779,830 



8770,064 
8768,666 
8767,268 
8765,868 
8764,468 
8763,067 



8761,665 
8760,263 
8758,859 

8757*455 
8756*051 



N. Sine M 



58 

57 
56 

55 

53 
52 

51 

c 



40 

7 
38 
37 
3i 

35 

34 

33 
32 

31 

3© 

29 

28 

27 
26 

25 

*3 
22 

21 

20 

»9 
18 

17 
16 

15 

14 

13 
12 

II 

10 

?: 



A aa:& 



im0^ 



m 



I 

2 

3 

4 

5 

6 

T 

/ 

8 
9 

10 
IZ 
12 



N. Sins 



4848,096 
48 50,640 

4Ss^ii54 

4555»7a7 
4858,270 

4860,812 

4863,354 



16 

17 

iS 

1.9 

20 

2J 

22 

^4 
^5 

26 

27 
28 
29 

3u 



31 



4865,895 
4868,436 

4870,977 

4373o«7 
4876,057 

4878,597 



4881,136 
4883,674 
4386,2<2 
4888,750 
4891,288 
4893^5 

4896,361 
4898,897 

490^433 
4903,96s 



ltji 



inc 



9.6855712 



9.6857991 
9.6860267 
9.6862542 
9.6864S16 
9.6867088 
9.6869359 



Diff 



9.687i6;^8 
9.687389s 
9.6876161 
9.6S78425 
9.6880688 
9.688^949 



2279 
2276 
2275 
1274 
2272 
2271 



2269 
2267 
2266 
2264 
2263 
2261 



2260 
2258 



9.6885209 
9.C887467 

9.6889723!^^^^ 
9.689i97S;:^55 
9.6894232i"54 

9. 6896484 .112 
976898734**50 

9.69009S3 
9.6903231 
9.6905476 



4906,5039.69077^1 
9.6909964 



9.691668} 



4909,038 

4911,572 9.6912205 

49H>«o5|9-69»4445 
4916,638 

49i9>»7i 

4921,704 

49^4^6 
4926,767 
49-&>"98 

.*9s;*s^9 



2133 



9.692115^ 

9.692338S 



2249 
2248 
2245 
2245 
2143 



2241 
2240 

2238 



9.692^620 

9.6927^51 

9*693^080 

49S4»159,9-^93-3o8 



4936,889 

4939>4'9 

'3>*494i»948 
38^4944,476 
4947,005 

4949? 5 p 
4952,060 

4954>S87 



39 
40 

4X 
4? 

43 
44 
4S 
46 

47 
48 



49 
50 
5» 
5^ 
53 

5*; 

56 

57 

58 

59 
60 



4957>ii3 
4959*639 

4962,165 

4964,690 

4967,^15 

4969,740 

4972,264 

4974.787 
4977»3io 

4979.833 
4982,355 
4984^877 

4987,399 
4989,920 

4992,441 

4.994,961 

4997,481 

5000,000 



9.6934534 
9.6936758 



222: 

2231 

2229 

2228 

2226 

2224 



9.6938981 
9.6941203 
9.6943423 
9.6945^42 

9f 6947859 
9,6950074 



9.6952288 
9.6954501 

9.6956712 
9. 69^^8922 
9.6961130 
9.6963336 



9.6965541 
9.6967745 
9.6969947 
9.6972148 
9.6974347 
9.6976545 



9 6978741 
9.6980936 
9.6983129 
9.6985321 
Q.6987511 
9.698970c 



2223 

2222 

2220I 

2219 

2217 

2215 



^214 
2213 

?2I1 

2210 
2208 
2206 



2205 
2204 
2202 
2201 
2199 
2198 



2196 
2195 
2193 
2192 
2190 
2189 



Co fines 



D^ff 



29 Degrees, 

Co-fecants 



o 
o 
o 
o 
o 

TO 



3144288120626,653 

20615,836 
20605,031 
20594,239 
20583,460 
20572,695 
20561,942 



3142009 

3 '39733 
3137458 
3n5>84 
3132912 
3130641 

3128372 
3126105 
3123839 

3'i'575 
3119312 
3117051 



3114791 

3"2533 

3110277 

3108022 
3105768 
3103516 



3101266 
3099017 
3096769 
30945241 
3092279 
3000036 



3087795 

30S5555 
3C83317 
Cw^o8jo8i 
3078845 
3076612 



307438c 
3072J49 
3069920 
3067692 
3065466 
3063242 



20551,203 
20540,476 
20529,762 
20519,061 
-0508,373 
20497,698 



60 

59 
58 
57 
56 
55 
If 
53 
51 
51 
50 
49 
48 

20487,036 47 
20476,386 46 
20465,75045 
20455,12644 
20444,51543 
20433,91642 

^0423.330 4J 
20412,75740 
20402,197 39 
20391,649 38 
20381,11437 
20370,5 92'36 

20360,082*35 

20349.58534 
20339,10033 

20328,628 32 

20318,168 31 

20307,720*30 



3061019 
3058797 
3056577 

3054358 
3052141 

3049926 



3047712 
3045499 
3043288 
3041078 
3038870 
3036664 



3034459 
3032255 

3030053 

3027852 

3025653 

3023455 



3021259 
3019064 
3016871 



20297,286 29 
20286,863 28 
20276,45327 
20266,056*26 
20255,670*25 
20245,297 24 



^0234,937,23 

20224,589 22 
20214,25311 
70203,929*20 
20193,618 19 
20183^318 



20173,031 
20162,756 
20152,494 
20142,243 
20132,005 
20121,779 



20111,564 
^0101,362 
20091,172 
20080,994 
20070,828 
20060,674 



20050,532 
20040,402 
20030,^83 



3014679 20020,177 



3012489 

3010300 



L. Sec. 



20010,083 
20000,000 



N. Sec. 



18 

17 
16 

J5 
14 

>3 
12 

II 

10 

9 
8 

7 
_6 

5 

4 

3 

2 

I 

c 

M 



M 



N.Tan.lL. Tan. 



I 

2 

3 

4 

5 
6 

7 
8 

9 

c 

I 

2 

3 

4 

5 
6 

7 
8 

9 

2C 
21 
22 

*3 
24 

»5 
26 

»7 
28 

29 

35 
3' 

5» 

33 
34 
35 

1^ 
37 
38 
39 



5543,^.91 9.7437520 
5546,894? 




5550.^93 



9.7440499 
9-74434: t' 



5 554,504l9-7446453 
5558^31 1 9.74494*3 

5562,1199.7450403 
5565,9299.7455376 

9-7458349 



5569.^39 
5573.55* 
5577.364 
5581,179 

5584,994 
5588,811 



9.7461310^ , 

9.7464290!^ 

9.7467x59 



5592,619 
5596,449 
5600,269 
5604,091 
5607,914 



9.7470*1- 
9.7473194 



9.7476160 
9.7479125 

9.748*089^,^ 
9.7485051, fc, 
Q.748Soi';L? 



296.^ 

29b- 

- 

2960 

29^i 



9.748^0131^^^^ 

5 61 1,7 38| 9. 749097 4:—^ 

56i5,564J9.7493934J*^^J 

ii- : 



5619.391 
5623,219 

5627,048 

5630,870 

5634,71c 

563S.54. 
5642,378 
5^46,213 
5650,050, 



9.7520523 
5653,8889.7513471 



5 657.72 8 

5661,568 
5665,410 
5669,254 
5673,0^8 
5676,944 
5 680,791 

5684,639 
5688,488 
) 5692,339 
40 5696,191 
5700,045 

5703.899 



45 
46 

47 
48 

49 

SO 

51 
52 
53 

^ 

55 
56 

5-^ 
58 

59 

60 



4' 

42 

43 5707.755 
44|57»^6ii 

5715*47' 

5719.33J 
5713,191 



5754.126 

5757,999 

5761,873 

5765,748 
5769.625 

^77^,^03 



9.7496891!.^^ 
9.7499850], ' 
9.7501806.,^- 
9.7505761;^^.^ 

9.75087 161 

""■■— — ^^ *95" 

9.7511669 : 
9.7514621L 

9-t5*7573j2g:-c 



9.7516410 



9-7529368 
9-753»3i4j 

9-7535*59 
9.7538203 

9.7541140 

9.7544088 



2949 

29^.V 



9.7547019 
9.7549969 
9.7551908 

9-755584^ 
9.7558783 

9.7561718 



294^ 

2946 

294- 
2944I 
294i 
294- 



2941 
1940 
1939 
1938 
1937 

*935 



9-7564^53 

9.7567587 
9,7570510 

9-757345* 
9.7576383 

5727,o 54l9-7S793'3 

5730,918 

5734,783 

5738.649 
5742.5"6 

5746,385 
5750,255 



*935 
a934 
*935 
*932 
2931 
2930 



9.7581142 
9.7585170 
9.7588096 
9.7591011 

9-7593947 
9.7596871 



9-75997941 
^.7601716 

9.7605637 

9.7608557 

9,76x1476 

Q. 7614394 



2929 
1928 
2926 
2916 
1915 

2924 



1913 

1912 
1911 
1910 
1919 
2qi8 



Co-tangents 



Diff 



Oo Degrees, 



29 Degrees 












M 


N. Sec, 


L. Sec. 


D 


Co-fines 




"4JJ.S41 


10,0581807 


9.94fE'91 


i-^' 






"4JS.3«S 


10.0581508 


70. 


9.94 '7491 


8744,71 






11+37,131 


.0.0583109 




9.9416791 


8743,3- 




3 


ii4j9,fi7S 


.0.0583910 


701 


9.9416090 


8741.9' 




4 


11440,917 


.0.0584611 


9.9415388 


8740,5. 




S 


11441.77S 


10.0585315 




9.94.46S5 


8739.-. 




6 


11444.630 
..446.484 


.0.0586018 


i—i 
70; 


9.9413981 


8737,7^ 




.0.0586711 


9.9413179 


8736,3, 






"443,339 


.0.0587415 




9.9411575 


8734,8. 




,! 


11450,196 


.0^588.19 




9-94"87i 


B73).4: 






"4S1.0SS 


10.0588834 




9.94"i66 


37)i.o, 






"4S3.9"; 


10.0589539 


706 


9.9410461 


8730,6. 






"455.776 


10.059014; 




9-9409755 


8719,1. 




': 


"457.639 


.0.0590951 


706 


9.9409048 


37i7,3' 




'4 


"459.5'H 


.0.059,65! 


708 


9.9408)41 


8716,3- 




'5 


"*6,,,7, 


10.0591366 




9.9407634 


8714,9. 




t6 


.W63.138 


.0.0593073 


70! 


9.9406917 


37^3,5 




'7 


ii46i.'o8 


10.0593781 




9.94061.9 


3711.. 




'9 


"466,979 


.0.0594490 


i£2 
709 


?i940JS'o 
9.940480. 


8;io,tii 




..468,851 


.0.0595199 


87.9,i< 






II47<',7»6 


10.0595909 




5.940409. 


37-7,8. 






11471,601 


.0.05966.9 




9.940338' 


87.6,4 




Zl 


"474.479 


.0.0597330 




».9^0l67o 


8714,9. 




»: 


"476,351! 


10.0598041 




9-940.959 


8713,' 






11478.139 


10.0598751 
10.0599465 


7'; 


9.940.148 


87.1,1: 




^ 


.148=,,., 


3.9400535 


87.0,7- 




a6 


11481,005 


.0.0600177 




9-9199513 


3709,1: 




^7 


11483.890 


10.0600890 




9-9399"0 


3707,8 




iS 


"485.777 


.0.0601604 


7'' 


9,9398396 


8706,4: 




19 


1.487.665 


.0.060.31a 


9.93976S1 


3704,9: 




3f 


.1489,555 


10.0603031 


9.9396968 


37o!,5 




3' 


1 149. ,447 


10.0603747 


7': 


9.9396153 


8701,1; 




J» 


1149 J, 34c 


10.0604463 


7>* 


9-93955)7 


8700,6. 




33 


"495.»35 


'0-0605179 


716 


9-939+811 


8699,1 




3+ 


.1497,. 31 


10.0605895 




9.9394.05 


86,7,8: 




'J 


1 .499.030 


.0.0606611 




9-9193388 


8696,31 




3^ 


1.500,930 
..S«,33' 


.0.0607319 
10.0608047 


7^ 


9,9391671 


8694,9. 




9-9)9>953 


3693.5 




3« 


"S04.734 


10.0608766 




9.9391134 


8691,0' 




39 


1. 506,638 


10.0609485 




9.9390511 


S690.6 




40 


.1508,544 






9,9389796 


8689,1. 




41 


11510,451 


10.06109;!, 




9.9389076 


8687,7 




1! 


..511,3b. 


10.0611644 


9^8356 


8686,3 




43 


115.4,171 


.0.06.1365 


71'. 


9-9)87635 


8684.8: 






..5i6,,»5 


.0.061 }oS6 




9.9)869.4 


8683,4 




4S 


11518,099 


10.06.3808 




9.9386191 


86! 1,9 




46 


11510,015 


10.0614530 




g. 9385470 


8680,5, 




47 


"5»'.93i 


10.0615153 




9.9584747 


8679,,'. 




l! 

491 


..513.BJ. 


.^6js976 


— 


9.9184014 


B677.6 




"515.77- 


714 


9.9J83300 


8676,1. 




S" 


11517,694 


10.06.7414 




9-9)81576 


8674.7' 




5" 


.1519,6.8 


10.06.8149 




9.933'85' 


8673.3 




S» 


"S3'-543 


10.06.8874 


716 


9.938.116 


8671,8, 




S3 


1 "531.470 


.0.0619600 




9.9)80400 


8670.4 




S) 


■ '535.399 


.0.0610J16 


717 


9.9!79674 


8668,91 




'■537,119 


10.0611053 


9.937S947 


8667,5 




s« 


11539,161 


10.0611780 




9.9378110 


3666,o. 




" 


.1541,195 


.0.0611 50B 


71! 


9-9377491 


8664,6 




s» 


"54J,ije 


.0.0613136 




9.9376764 


866,... 




5' 


11545,067 


10.0613965 




9.9376031; 


866;,7. 




fie 


11547,005 


10.0614694 




9.937530!- 
L. Sine 


8660,1 


. , 


Co-fecants 


N'SiT 




59 Degrees, 




io.*3ioo78.i70ii,S9d ■ 
1.13071 Ml 1 7010,559 

3.1-301^0416987,919 
5.1198^5 i«97^6]_ 

j..3956»7i69«s.J4* 

.j.iig»739t69j4,o6i, 
ro.«89S<j 16941, go^ 
10.1285967 16951,550 
FO.K84oS3i69ib,3oi 
ni.iaSii 99te9 tf9 .°7 J 
io.M78ji« ,689^8^6 
ro.««7j434 J 6886,647 

r(i-M«967J 16864,16- 
n>.i»667»+l|68 53,08 
Ki. jri 39 16 ^)6841 ,9 n 
lo,M*i03»i63^)o^i6j 
i5Srf»)«s,9,-6M 
15 5187 16808,48s 
'«797.367 
16 786,156 

'677S>LS'" 

'♦3794 l<764,o6 



.67'9,S. 

167 08,78 

t*697,7S8 
l6686.74^ 
-- .«67S,74' 
:79S8 .6664,748 

t665-„76fi 

16641,79; 

NT" 



S9 Ucb^ciS. 



'^r Degrett. 



iVJ 
o 
I 

2 



3 
MS 



5 
_6 

7 
8 

9 

lO 

II 

12 



i6 

^7 
iS 



19 

20 
21 
22 
23 
24 

25 
26 

27 

2S 

29 

30 



rs.ijine I L. ^ine 



50,3*1 9. 



52,8749.7 

55»367j9-7 

57.8599-7 

6o»35i|9-7 
62,84r;9.7 

65.3339-7 



67,8249.7 
70,3149.7 
72,8o4'9.7 

75**9319-7 

77,7829.7 
8o,27o;9.7 



S2i758l9-7 
85,24619.7 

87.733 
90.2 1 9 
92,705 

95>'9' [9-7 
97,676 9.7 



9-7 
9.7 
9-7 



5200,161 
5202,646 
5205,130 
5207,613 
5210,096 



3» 

32 
33 
34 

35 

_3.6 

37 

38 

39 
40 

41 
42 

43 

44 

45 
46 

47 
48 

49 
50 
5' 

52 

53 
54 

55 
56 

57 

5S 

19 
60 



9-7 
9-7 
9-7 
9-7 
9-7 



5212,579 
5215,061 

5217.543, 
5220,024 

5222,505 

5224,986 

5227,466 
5229,945 
5232,424 
5234,905 
5237.381 
5239.859 

5*42,336 
5244,813 

5247,290 
5249,766 
5252,241 

5254,7 '7 



9-7 
9-7 
9-7 
9-7 
9-7 
9.7 



5257.'9" 
5259,665 

5262,139 

5^64,613 

5267,085 

5269,558 



5272,030 
5274,502 
5276,973 
5279,443 
5281,914 

52 84.38 3 

5286,853 
5289,322 
5291,790 
5294,258 
5296,726 



9-7 
9-7 
9-7 
9-7 
9-7 
9-7 



9-7 
9-7 
9-7 



18393 



20495 
2259b 
24695 
26792 
28889 
30985 

53077 
35169 
37260 

39349 
41437 
43524 



Dim 

2102 
2101 
2099 
2097 
2097 
2094 

2094 
2092 
2091 
2089 
20SS 
2087 

2*085 

45609 iog^ 

476931083 

497762081 

5«857 2o8o 

53937 2078 

56015 

2077 

2076 

2075 

2073 
2071 

2071 

2068 
206S 
2066 
2065 
2064 
2062 



Co-(ccani5 



58092 
6016S 
62243 
64316 
66387 
68458 



70526 

72594 
74660 

76725 

78789 
80851 



82912 
84971 
87030 
89086 
9 1 142 
93196 



95249 
97360 

99350 



9.7201399 
9.7203447 

9^^5493 
9.7207538 
9.7209581 
9.72116213 
9.7213664 
9.7215704 
9.7217742 

9.7219779 
9.7221814 
9.7223848 
9.72258^1 
9.7227913 
9.7229943 



2061 
2059 
2059 
2056 
2056 
2054 



2053 
2051 
2050 
2049 
2048 
2046 



9.7231972 
9.7234000 
9.7236026 
9.7238051 
9.7240075 

S299>'93l 9-7242097 



Co- fines 



2045 
2043 
2042 
2041 
2040 
2038 

2037 
2035 

20341 
2033 
2032 
2030 



20/.9 
2028 
2026 
Z025 

2024 

2022 

Diff 



0.28S1607 

0.2879505 
0.2877404 

0-2^753^5 

o.2}i732oS 
0.2^71111 
0.2S69017 



0.2866923 
0.286483] 
0.2862740 
0.2860651 
0.2858563 
0.2856476 



0.2^54391 
0.2852307 
0.2850224 
0.2848143 
0.2846063 
0.2843985 



0.2841908 
0.2839832 
0.2837757 
0.2835684 
0.2^33613 
0.2831542 



0.2829474 
0.2827406 
0.2825340 
0.2823275 
0.28212 II 
0.23 I 9 149 



9239,366 
9230,173 
9220,990 
9211,817 
9202,655 

19 193.5031 3^ 

35 
34 
33 



0.2817088 
0.2815029 
0.2812970 
fo.2810914 
0.2808858 
0.2806804 



0.2804751 
0.2802700 
0.2800650 
0.2798601 

0.2796553 
0.2794507 



0.2792462 
0.2790419 
0.2788377 
0.J786336 
0.2784296 
0.2782258 



0.2780221 
0.2778186 
0.2776152 
0.2774119 
0.2772087 
0.2770057 



0.276802S 
0.276600c 
0.2763974 
0.2761949 
0.2759925 
0.2757903 



L. bcc. 



9416,040 



9406,646 

9397,262 

9387,889 

9378,527 
9369,176 

9359.835 



9350.505 
9341.185 

933».876 

9322,578 
9313,290 

9304,013 



9294.746 
9285,490 
9276,244 
9267,009 

9257.784 
9248,570 



60 

^ 

59 
58 
57 
56 
55 
54 

53 

52 

5» 

50 

49 
48 

47 
46 

45 

44J 

43 
42 

41 

40 

39 

^38 

37 



9184,362 
9175,230 
9166,110 
9156,999 
9147,809 
9138,869 



9129,729 
9120,659 
9111,600 
9102,551 
9093,512 

9084,483 



9075*464 
9066,456 

9057.457 
9048,469 

9039*49 > 
9050,522 



9021,564 
9012,616 
9003,678 
8994.750 
8985,832 
8976,924 



8968,026 
8959^138 
8950,259 
8941,39]? 
8932,532 
8923,684 



8914,845 
89o6,'<oi6 
8897,197 
8888,388 
8879,589 
8870,799 



N.Sec. 



3' 
3? 

29 

28 

27 
26 

25 
24 

23 

22 

21 
20( 

19 

18 

'7 
16 

15 
14 

13 
12 

II 

10 

9 

8 

7 
_6 

5 
4 

3 

2 

I 

o 

M 



NilN.Tan 



76036,354 

8 6040,323 

9 6044,294 



6088,067 



9.7844794 



6092,054 9.7S47638 



6096,043 



9.7850481 



«9 
20 

21 

22 

23 
24 

256108,0199.785.9004 
^6 '6112,014 9>7S6iS44 

27 6-1 16,011 9.786468a 

28 6120,008 9.78675*0 
:29 6124,007 97870357 



I 

2 

3 

4 

5 
6 



9.780774-7 
9.7810602 

9-7S 13456 

ro 6048,266 9.7816309 

11 6052,2409.7819x62, 

12 6056,21 519^82 20 r3 

13 6060,192 

»5 
16 



17 
18 



I 

2 

3 
4 

5 
6 

7 
8 

9 

40 

4J 
42 

43 



45 
46 

47 

1? 

49 

50 

5> 

52 

53 

54 

55 
56 
57 
58 
59 



6008,606 9.7787737 



6012,566 



9.7790599 



6016,5279-7793459 
6020,490 9*779^3 * ^ 



6024,454 
6028,419 
6032,386 



9.7824864 
6064,1709.7827713 
6068,149 9'78 305^2 



6072,130 
6076,112 



6080,095 9*7839104- 



6084,080 9.7841949 



6100,0349-78533*3 
6104,026 9.7856164 



6128,008 



6132,010 



6140,018 



6148,032 
6152,041 



6160,064 
6164,077 
6168,092 
6172,108 
6176,126 



6180,145 
6184,166 



6192,111 
6196,236 
6200,263 



6208,320 
6212,351 
6216,383 
6220,417 
6224,452 



6228,488 
6232,527 
6236,566 
6240,607 
6244,650 
6248,694 



L. Tan- 



9-7799'77 
9.7802034 
9.7S04S91 



9.783341c 
9.7S3623S 



9.7873*93 



L)itr 



2862 

2S;q^ 
2S;&i 

2S5-[ 



1285^ 
285,1 

28 Ci,' 

28C-J 

2S;;-j 

2Ssll 

2S4H 
»2<4f>. 

284^! 

2S4^^1 



S4tJ 



2^4 



2S 
2S 

2S4;; 

3.>Ia J 



2^4^ 

2S4 

2S5S 

2S;S 
2S3- 
2S3f 



9.7876028 



6136,013 9.787S863 



9.7881696 



6144,024 9.7884529 



9.7887361 
9.7890^92 



6156,0529.7893023 



9,7895852 
9.7898681 
9.7901508 

9-7904335 
9.7907161 



28 3. 

2S35 
2S-3 
285; 

2832 



2851 

2S29 
2829 

2S27 

2827 
2826 



9-7909987 
9.7912811 



6188,1889.7915635 



9.791845S 
9.79212S0 
9.7924101 



6204,291 9.7926921 



9-7929741 
9.7932560 

9-7935378 

9-7938195 
9.7941011 



9.7943827 
9.7946641 

9-7949455 
9.795226?. 

9-795^5081 

9-79^7892 



58 Deg'-ees. 



Co-tangcnts 



2S26 
2824 

2823 

-.«-.,! 

«■ «^ Ar ■* 

2821 

2820 
2820 

2S1Q 

281- 
2S16 

2S16 

2Su 
2814 

281; 
2S13 

2Sli 



Dirt 



I 
% 

3 

4 

5 

J 

7 
S 

9 

10 

II 
la 

i6 

»7 
|i8 

»9 

lO 



Mj N. Sine 
5»99>«93 



" 5353»3SS 



»3 



^ 5 35^68 9.7190x44 



35 

3i 

37 

3« 

39 
40 

41 

4J 

43 
44 
45 
46 
47 

♦? 
49 
50 
51 
5« 
5} 

i* 
55 
$6 



1^ 



rw 



5301,659 

5304»i»5 
5306,591 

5309*057 

5J"»5*» 
5313,986 



5316,450 
53i»,9i3 

53»»>376 

53»3»«39 
5326,301 

53x8,763 



5331,2x4 9«7ft68s69|; 

5333*^85 9.7270173 



533^»»45 

5338*605 
5341,065 

5343>5»3 



5345»98a 
5348*440 

5350,898 



5355*8" 



9.7280275 
9.7282271 
9.7284267 
9.7286260 
9.7288253 



5368,089 



9.7298197 



*5 5360,724 9'749*»34 

»6 5363**79 9«7»94a*3 

*7 5365*634 9.7296211 

28 

29 

3g| 537»*996 | 9-730*'65 

3> 
3» 

33 



5377>9oa 



34 5382,806 



5385**57 
5387*708 



5390,158 
5392,608 



5397*507 

5399*955 

5402,403 



5404,851 
5407,298 

5409>745 
5412,191 

5414*637 
5417,082 



5419*5*7 
54*1,97" 



5426,859 
5429,302 



5434*187 
5436,628 
5439,069 
5^5441,5 »o 
5443*95' 



ilSSllDiff 



32 Degrees 



9,7242097 



9.7244118 
9.7246138 

9.7248156 
9.7250174 
9.7252189 
9.725420^ —" 



9.7256217 
9.7258229 
9.7260240 
9.7262249 
9.7264257 

9*7*6o2o< 



2021 
2020 
2018 
2018 
2015 
2015 

013 
2012 
20 1 1 



9,7272276 
9.7274278 
9.7276278 
9,7278277 




5370,5439-7300182 



5375*449 9-7304»48 



9.7306129 



5380,3549.7308109 



9.7310087 
9.7312064 
9.7314040 



9.7316015 
9.7317989 



5395*058 9'75»996i 



9.7^21932 

9*73*390* 

9.7.325870 



9.7327837 
^.7329803 
9.7331768 

9-733373> 
9-7335693 
9*7337654 



9.7339614 
9-734157* 



54*4*4159-73435*9 



9-7345485 
9-734744<^ 



543 '*744 9-7349393 






9«735»345 
9.7353296 

9-7355*4* 

9-7357195 
9.7359142 

9.73^61088 



-fines 



998 
996 
996 

993 

993 
991 



990 

989 
988 

986 

985 
983 



983 
981 

980 

978 

977 
976 



975 

974 

97* 
971 

970] 



967 
966 

965 

963 

962 

961 



960 
958 
957 
956 
955 
953 



952 

951 
950 

949 
947 
946 



DiiF 



Co-iecants 



10.2757903 



10.2755882 
10.2753862 
to.2751844 
10.2749826 
10.2747811 
10,2745796 



10.2743783 
10.2741771 
10.2739760 
10.2737751 
ro.2735743 
10.2733736 



10.2731731 
10.27297I7 
io.2727724|t874o, 120 



16.2725722 
10.2723722 
10.2721723 



10.2719725 
10.2717729 
10.2715733 
10.2713740 
10.2711747 
1.0.2709756 



10.2707766 
10.270577711864^657 



ro.2703789 
10.2701803 
10.2699818 
10.2697835 



I 



10.2695852 
10.2693871 
10.2691891 
10.2689913 
10.2687936 
10.2685960118560,769 



10^2683985 
io.i682oii 
10.2680039 
16.^678068 
5^210.2676098 
^ 10.2674130 



10.2672163 
10.2670197 
10.2668232 
10.2666269 
10.2664307 
10.2662346 



10.2660386 
10.2658428 
10.2656471 
10.2654515 
10.2652560 
10.2650607 



10.2648655 



10.2646704 18393,753 



10.2644754 
10.2642805 
lo»264o858 
10.2638912 



Ln Sec. 



18870,799 



18862,019 
18853,249 
18844,489 
18835,73! 

18826,998 
188x8,266 



r88o9,545 
18800,833 
18792,131 
18783,438 

18774,755 
18766,082148 



«*757*4!9 



18748,764 ^ 



18731,485 4^ 



18722,859 
18714,244 



18705,637 41 
18699,040 40 
18688,453 39] 
18679,875 38 
18671,30637 

18 662,747 136 
18654,197 



35 

34j 
33 
3* 
3« 

32 
18603,097 19 

18594*612 28 

18586,13827 

18577,672 26 

8569,216 



18637,126 
18628,605 
18620,093 
8 611,59 



1855**331 
18543,903 

18535,483 
18527,073 

18518,672 

18510,281 



^^^^^v 



^8501,898 17 
18403,525 16 
18485,161 15 
1 8476,306 14 
18468^460 13 
1 8 460,' 123 t? 

18451,795 n 

18443*476 
18435,166 
18426,866 
18418,574 
18410,292 



18402,018 



18385,498 

?8377,*5J 
18369,013 
^8 360,785 ^ 

N. Sec. IMI 



60 

59 
58 

57 
56 

55 

5f 

53 
5* 

51 

50 



47 



45 



^ 



*5 

*4j 

*3 
12 

21 
20 

19 
18 



10 

9 
8 

7 
_6 

5 

4 

3 

2 



1 

oi 



' * ^ ^^-i 



§1 P^^': 



M 



[0 6248,694 9,79578^* 



6252,739 9.7960703 ^g j^ I 

262(6,7869.796351328 
3 6260,834 9.796632^ 

416264,884(9.796913? 
6*68,935 

6*7*,988 



i 

9 
10 

11 



6293,274 9-79«8767 ^ 
1216297,336 9-7991569 jgj^ 



13 

14 

:i 

17 
18 

19 
20 

21 

9* 

»3 
*4 

*5 
26 

*7 
28 

»9 



3 

3* 

33 

34 

35 



37 
38 

39 

40 



?7 
58 

59 

60J 



N^Tan 



LTan. 



6277,042 9-79775S* 28od 
9.7980356 ^^ 



6281,098 
6285.155 
6289,214 



6301,399 9-799437<» x8oo 



6305*464 
6309,530 

6313,598 

6317*667 

6321,738 



6325,8x0 
6329,883 

6333*959 

6338*035 
6342,113 

346,193 



6350>*74 9-8027925 



6354*357 
6358,441 
6362,527 



6366,614 9.80590S5 ^gg 



30 6370,703 



6382,978 
6387,073 
6391,169 
1? 6395,267 



6403*467 
6407,569 

6411,673 



64x9,886 



43 

446428,105 
45 6432,216 

47 
48 

49 

50 

51 
5* 
53 



6448,678 
645**797 



6461,041 

6465**65 

5^ 6469,390 

55 

56 



6473*417 



64^1,676 
6495,808 

6489*941 



9.797I93* 2807 
9'797»745 



9.7983160 ^^ 
9.7985964 ^J^ 



9-7997»7« agoo 
9-7999970 „„ 



9.801x161^^6 
9.8013957 

9.80x6752 'i^ 

9.80x9546 '!T 
9.8022340 ^^3 
9.8025133 '" 



2S08 



9.80307x6 ^^ 
9.8033506 
9,8036296 ^j^ 



9.804x873 



-788 

6374*793 9"8o4466x ^-g^ 

6378,885(9.8047447 2786 
9.8050233 |4g( 

9.80530x92784 

^'V'HH^ *784 
9^8058587 '^ 



278] 
6399*366|9-8o6x 37o|ay8x 



9.806415a -^ 8, 
9.8066933 2^8, 
9.8069714 2 80 



41 6415*779 9.8072494 j^^^ 



9.8075273 



^792 
2791 



2779 



64*3*994 9-8o78o5» jy^^ 
--« 9.8080829 
9.8083606 
6436,329 9.8086383 
6440,4449.808915s 
6444,560 9.809x933 



8094707 
9-8o9748oL^^J 



6456,9x89.8100253 



2777 
*777 
*y75 
»775 



*774 
*773 



9.8x03025 
9.8x05796 
9.8108566 



9.8x1x336 



6477*5469-8114105 



»77l 

2771 

*770j 



2770 
2769 
2768 



6494*676^9.81x5 



9.81x6873, ,J68 
9.8119641 2767 
9.8i22404jjy5^ 



Co^timynti 




Diff 

liu 
2810 
2809 

a8o8 
»8o8 
1807 



a8o6 
«8o5 
9804 
1804 
2803 
1801 



Co-tMigcnjO 



to.so4»io8 



io.xo39ft97 
10.293^487 
10.Z033678 
10.2030870 
10.2028062 
10.2025255 



16003^345 



»599*>99' 
15982,647 

»597»j3" 
i596i>987 

15951,672 

> 5941*366 



280X 
a8oo 
2800 
2799 
2798 



10.2022449 
10.2019644 
xo.2ot6840 
X0.2014036 
10.201x233 
to.2008431 



X0.2005630 
10.2002830 
XO.2000030 
10.19972 31 

fiZ2r^o.X99i635 



2796 

279^ 
»795 
»794 
*794 
»793 



10.X988839 
10.1986043 
10.1983248 



10.198045415777,760 



6d 

59 
$8 
57 
56 
55 
$4 
15931,070153 

15920,783 5|2 

15910,505 51 
15900,238 50 

»5««9*979 49 
'5^79*73' 4^ 

I5*^>49» 47 
15859,261 46 

15849,041 45 

15838,830 44j 

15828,628 43 

15818,43642 



15808,253141 
15798,079140 
«57«7#9»5 



»792 
4791 
»790 
21790 
2789 
,788 



10.1977660 
10.1974867 



10.1972075 
10.1969284 



10.1966494 15727,126 
10.1963704 15717,026 



32 Degrees^ 



15767,615 

»S757>479 



i5747>35* 
»5737»»34| 



4788 
|a786 

2786 

3786 

4784 

2784 



xo. 19609^15 
10.1958127 



»7«3 
2782 

2781 

12781 



10.1955339 
10.1952553 
10.1949767 
IO.X 946981 
xo.1944197 
10.1941413 



15706,936 
15696,856 



3« 

36 

35 

34 
33 
3* 
31 

»9 



15686,784 
15666,669 

«SM>590 
15636,564 



10.1938630 
so. 1935848 
10.1933067 

;/;;|io.i930286 

' ^10.1927506 

10.1924727 



; 



27 
26 



2779 



»779 
2777 

2777 

2777 

2775 
*77$ 



»5 

15626,54823 
15616,54022 

1 5 606, 542^21 

>5596>55»ao 
15586,572 19 

15576,60118 



10.1921948 15566,639 



10.1919171 
10.1916394 



15556,685 
>5546>74X 



»774 

773 

*773 

2772 



2 



10. 191361 7] 155 36,806 
10.1910842 15526,880 



10.1908067 



10.1905293 
10.1902520 
10.1899747 
a„, 10.1896975 
*77i, 0.1894*04 
^70 ,0.1891434 



15116,9^3 



17 
x6 

^5 
14 
"«3 



2770 
2760 
2768 
2768 
2767 
766 



ii5O7>054 

ii497»»55 
15487,264 

15477*383 
15467*510 

15457*647 



10.1888664 
10.1885895 
10.1883127 
to. 1880359 
10.1877592 
1 to. 18 74826 



XI 

xo 

9 
8 



ii447»79» '5 
15437*946 4 
15428,108 3 
15418,280 2 
15408,460 I 
15398*650 



*^**|L. Tang- |SP. Tan. Ml 



M 



7 
8 

9 
xo 
11 
12 



N. Sec. 
1x791*784 



11 793*9>8 



11796,074 10.07x7375 
XX 798,222 10.07x8x66 

4|xx4ioo,372 

5 xx8o2,523 

611x804,676 



ITS 



ec. 



X0.07 15795 



10.011^85 



790 
790 

791 

fl 791 
10.07x8957 7JJ 

10.07x9749792 
X0.072Q54X — ^ 



793 
10.072x334 yo3 
10.07421271 

10.072292X 



xx8o6,8|x 
XX 808,988 
xx8xi,X46 
1x8x3,307 X0.O7237X5 

XX8X5U69I 
11817,633 



11819,798 
1x82x^966 
ix824,X35 
X 1826,306 
1x828,479 
11830,654 



13 
14 

;i 

17 

x8 

19 

20 

21 
22 

43 11841*554 

2411843,739 



11832,830 
11835,008 
11837,188 



795 
Xo.07»4$io 7^3 

10.07253051-" 



io»07a6ioi 
10.0726897 
10.0727694 
io.o7»849x 
10.0729289 
10,07.30087 



Co-£n 

I— vaa^BB^^B^^ 
9.9284205 



es 



9.9283415 
9.9282625 



9.9281834 8475,853 



9.9281043 
9.9280251 



9.9278666 8469,673 



794 9«9»77873 
704 9'9»77079 
'^.9276285 



796 
796 

797 

797 
798 

Z2! 



'1845*9*7 
11848,1x6 

11850,307 

ii852,5qo 
11854,694 
11856,890 



1 1839,370110.0733286 g^, 
10.0734087 2oi 
xo.0734888 ^ 

10.0735690 803 
10.0736493 goj 



*5 
26 

»7 
28 

29 
30 

31 ^1859,089 

32 xx86x,289 
3311863,490 
3411865,694 

f35 11867,900 
11870,107 

37 
38 



9,92754908463*481 



8480,481 



8478,939 
8477*397 



8474*509 56 
8472,765 55 



9.92794598471,219 ^4 



60 

59 
58 
57 



8468,126 
8466,579 
8465,030 



9.9274695 



9.92738998460,381 

8458#830 
8457,278 

8455*7*6 

8454ti7* 
8452,618 



9.9273103 
9.9272306 
9.9271509 
9«9»707ii 
9.9269913 



8461,932 



53 
5* 
51 
50 

49 
48 

47 
46 

45 
44 
43 
42 



709 

X0.0730886 g^ 9.92691 14 8451,064 ^] 

10.07.31686 goo 9.9268314 8449,508 
X0.0732486 goo|9'9*675i4 8447*95* 



10*0737296 
X0.0738099 



803 
805 



9,92667 X4J8446,395 
9.92659x38444,838 
9.9a65ii2 8443,279 

9.92643108441,72013 
9.9263507 8440,161 
9.9262704 8438,600 



¥■ 
35 

3i 



9.9261901 



10.0738904 %QA 9.9261096 8435,477 

X0.0739708 -^ ^ *' " 



11872,316 

11874,527 



39111879,740 10.074697a 
1 1878,954 10.0747782 



40 

% 

43 



10,07405x3 
X0.074X319 
10.0742125 
10.0742931 
10.0743739 
10.0744546 



805 
806 
806 
806 
808 
807 



10.0746x63 



808 



10.0745354 go9 9*9*54646 



9.9260292 



9.9259487 
9.9258681 
9.9257875 



8437*039 



8433*914 



843**151 

8430*787 
8429,222 



9.92570698427,657 



9.9256261 



11881,171 
11883,389 



11885,609 
11887,831 
11890,055 
11892,280 



10.0748592 
10.0749403 



8ix 
10.07502 14|g,2 



45 
46 

47 

♦! 

14911898,968 

50 11901,201 

51 11903,436 
5211905,673 
5311907,91* 
54|ij[9W,j52 

55 



809 
810 
810 
811 



9'9*53837j.- 
9.92530^8 8419 



8426,091 



9-9*5545484*4*5*4* 



3- 

3: 

V 

3 

2: 
2 
2 
2 



84*:^;956l2 
84% 



9.925*118 



9.9251408 8416,67 



9.9250597 



10.0751026 

10.0751839 

10.0752651 

1 1 8^,5o8|io.0753465 

11896,73710.0754279 



813 
812 

814 



56 

57 
58 
59 



814^ 
10.0755093 g, 5 



10.0755908 



9.9249786 



9.92489748411,963 



9.92481^ 
9.9247349 
9.9246535 



i,388U 
9,819 J 



8418,249 



8415*10 



I 



8413*536 



\ 



1 



8410,390 
8408,81^ 
8407,241 



815 



10.0756723616 



11912,394 
11914,638 



11919,132 



10.0757539 
10.0758356 
10.0759173 



817 

817 



10.075999c 
10.0760.809 



11916,884 X0.0761627 



10.0762446 



9'9*457*i j 8405,66< 



9.9244907 8404,090 



11921,381110.0763266 



817 
819 
818 
819 
820 



9.9244092 
8.9243277 
9.9242461 
9.924x644 

9.9240827 



8402,51^ 
8400,9 

8399*35 

8397*77 
8396,1 



60 119x3,633110,0764086 ■■-.',9.923 5914 



Co-lecants 



57 Degrees. 



9.92400108394,61 

9.9239191 8393,03 
9.92383738391,4s 

9-9*37554 8389*851 

iio 9-9*36734 8388,211 



D %'-' 



L. Sine 



8386,70 
N. Sid 



B&b2 



M-N. Sine 



I 

% 

3 

4 
5 

7 
8 

9 
lo 

II 

12 



'5 
i6 

17 
i8 



»9 
lo 

31 

12 

af 

as 
i6 

»7 
28 

*9 

30 



5446,390 



5448,830 
545i»269 

5453*707 

5456* «45 

545**583 
5461,020 



9.73630)2 
9.7364976 
9.7366918 

9.736W59 
9.7370799 

9.7371737 



5463,456 

5465»89» 
5468,328 

5470*^63 

547J»>98 

5475/*3» 



5478,066 9.7386273 



1415480^99 
5482,932 

5485*365 
54*7.797 
5490,228 



5492,659 

5495*090 
5497,520 

5499*950 

550X.379 
5504,807 



31 S5»»»795 
3* 55*4.»ao 

33 55*6,645 

34 5519*069 
^5 5531*491 
36 5533*9>5 



47 
•48 



49 

50 

51 
51 
53 
S4J 

5i 
56 

J * 

59 



5507*136 
5509,663 

5512,091 

55i4»5i8 
5516,944 

55"9*37o 



37 5536,33s 

38 5538*760 

39 5541*182 

40 5543*603 

41 5546,024 

41 5548,444 

43 5550*864 

44 5553*183 

45 5555*7^ 

46 5558,121 
5560,539 
5562,956 



L. Sine 



9.7362088 



9-7374675 
9.7376*11 

9-7'378546 
9.7580479 

9«7 582412 
9.7384343 



9.7388201 
9.7390129 
9.7392055 
9.7393980 

9-7395904 



9.7397827 
9*7399748 
9.7401668 
9.7403587 
9.7405505 
9.7407421 



9.7409337 
9.741 1251 

9.7413164 

9.7415075 
9.7416986 

9.7418895 



9.7420803 
9.7422710 
9.7424616 
9.7426520 

9.7418443 

9.7430315 



5565*373 



9.7432226 

9.7434116 
9.7436024 

9.7437911 
9.7439817 

9.7441711 



9.7443606 

9.7445498 
9-7447390 
9.7449280 

9.7451169 
9-7453056 



9-7454943 



5567,7909.7456828 
5570,2069.7458712 
5571*621 9.7460595 



5575*036 
5577>45' 



5579*865 
5582,279 

5584*691 

5587,105 

5589*517 
•5591*919 



9.7462477 
9.7464358 



9.7466237 
9.7468115 
9.7469992 
9.747 « 868 

9-7473743 
9.7475617 



Difi 



944 

944 
942 

94" 

940 
938 



938 
936 
935 
933 
933 
931 



930 
928 
928 
926 

915 
924 



913 
921 

920 

919 
918 

916 



916 

9141 

9*3 

911 
911 

909 



908 

907 
906 

904 

903 

902 



901 
900 
898 

897 
896 

895 



994 
992 

892 

890 
889 

887 



887 
S85 
S84 
883I 
8S2: 
881 

8-9 

87S 

876 

875* 
874 




S5 Pggree^ 

Co-iecants 



0.2638912 



0*2636968 
0,2635014 
0.2633082 
0.2631141 
0.2629201 
0.^627263 



0*2625325 
0.2623389 



0.2621454 18287,125 
0.2619521 
0.2617588 
0.2615657 



0.2613727 
0.2611799 
0.2609871 
0.2607945 
0.2606020 
0.2604096 



0.2602173 
0.2600^52 
0.2598332 
0.2596413 

«.»594495 
0.2592579 



6.2596663 
0.2588749 
0.2586836 
0.2584925 
0.2583014 
0.2581105 



0.2579197 
0.2577290 
0.2575384 
0.2573480 

0.2571577 
0.2569675 



^1565874 
0.2565976 

0.2562079 

OW2560183 

0.2558288 



0.2554502 
0.2552610 
0.2550720 
0.2548831 
0.2546944 



0.1545057 
0.2543172 

0.2541288 

0.3539405 



0.2535642 



0.2531885 

0.2530008 
0.2528132 
0.2526257 
0.2524383 



18360^7 85 60 

i835**S*5 59 

8344.354 58 

18336,15257 

18527,959 56 

18319*774 55 
18311,599 



18303,432 
18295,274 



53 

511 

- 51 

18278,985 50 

18170,85449 
18262,731 



18254,61747 

18246,512^6 
18238,416^5 

18230,328144 

18222,249 



43 



18214,17942 



18206,118 4> 

18198,065140 

18190,021 

18181,985 

18173,958 

18165^94036 



18157*93035 
i8i49,929[34 

18141,937 

18133*953 
18125,977 

18118,010 



181101,052 
18102,102 
18094,161 
18086,228 
18078,304 
18070,388 



0.2567774 1 8062,48 1 



18054,582 

18046,691 2-1 

18058,8091201 

18030,935 

18023,070 



0.155639418015^213 



39 
38 

37 



33 
31 
31 

3? 

19 
28 

17 
26 

15 

14 

13 

22J 



19 



17 
16 

15 



18007,365 

17999*514 ^ 
17991,693 14 

17983*869,13 

17976,054124 



17968,247 
17960,449 

17951*658 
17944^876 



0.2537523^7937,102 



179^9*337 



0.253376517921,580 



L. Sec. 



17913*831 
17906,090 

17898,357 
17890,633 

17882,916 
N. Sec, IM 



11 

io< 

9 
8 

7 
_6l 

5 

4 



^6 Pogtcoe. 



I 



i|N. TanjyL Tan. 



6494,0769.812517 



19 
20 

21 

22 



1 
2 

3 
4^ 
5 



. 6525,o64|9.Sx445i6 ^761 

8 6527,2x1 9.8x47x77 ^755 

9 6531*360 9-«i5oo36 j^^^ 

10 6535,511 9.8i5«795 ,755 

11 6559,665 9-9155554 »75-f 

12 6543,817 9.81583x1 



X75- 
13 6547^^71 9.Si6io« a-jt 
i4655i»"9 9-*«63824 ^-.^ 
i5 655M87 9-8»6658o».,5 

6560,447 9.«i6^335 »754 
6564,609 9.817x089 ^75. 

6568,772|9.«i74*4»r77- 



16 

17 
18 



15 
26 



17 
28 

19 

30 



45 
46 

47 

1? 

49 
50 
5' 
51 
53 
54 

55 
56 
57 
58 
59 



6498,212 9.8127939 ^^', 
6502,550 9.8x50704 ^^64 
6506,490 9.8x55468 j-5. 
6510,6319.8136x31,7^ 

6514,774 9-«i3«99.3 2762 
6518,9189.8x4x755 



13' 

31 

33, _ 

34(6635,601 

35 

1! 
37 
38 

39 
40 

41 
41 

43 




657i*937b-«<77595>75i^ 
6577*105 9.8180347J275, 

6581,271 9-8x83098'2.5, 

6585*441 9-«i85«49i750 
6589,612 9.8x88599[2749 

14 6593*785 9-^191 348 — y 
6597,960 9.8194096 ,748 
6602,1369.81968443^745 
6606,313 9.8199592 2744 
6610,492 9.820x358 ,746 
66x4,67319.8205084^74- 



6618,856 9.8x07829 



»745 



6625,040 9.8x10574 ^74: 

6627,2259.8x133172743 
6631,413 9.8216060 2-.4- 
6655,601 0.8218805 ,74^ 

6639,7929.82215452741 
6643,984 9.8224x86 



1740 
6648,178 9^227026 2740 

6652,573 9*8x29766 2739 

665^570 9.8x52505 ay3^ 

6660,769 9.8255x44 2737J 

6664,969 9.8237981 2758 

6669,171 9.8240719 



2736 

6673*3749-81434552736 
6677,5809.8246191 2735 
6681,786 9.8248926 Z734 
6685,995 9.8251660 2734 
6690205I9.8254394 2733 



16692,417 1 9.8257 1x7 ^ 

6698,630 9.8259860 2732 
6702,845 9.8262592^7^ , 

6707,061 9*8i653i3i273ot 



6111,2809.8268055 
6715*500 •.8270783 
6719,721 J.8273513 



* 



2730 

2730 



Lu 



Co-tangeno Diff 



272S 

6713*944 9.8276241 ,7^5 
6728,169 9.8278969 ,7^7 

6732,3969.828x6962727 
6736,624 9.8284425 4726 

6740,854 9.8287x49 2725 

674«;>o85|9.8289874 — "^ 



>M .«i 



4748 
1748 
1748 
1746 
2746 

4745 



»745 

1743 

1743 

1743 
»74» 

174.1 



^74«> 

*740 

^739 
2739 

1737 

12738 



»736 

2736 
2735 

^734 

»734 
2733 



■MM— ^^nwaw***-"******"^*" 



53 




0.1872061 
0.1869296 
0.1866532 
0418(3769 
I0.1861007 
0.1858245 



0.1874826 



0.1855484 
o, 2852723 
0.1849964 
Oil 847205 
0.1844446 
O.I84I689 



0.1838932 
0.1836176 
0.1833420 
0.1830665 
0.1 8279 1 1 
O.I825I58 



0.1822405 

0.1819653 

0.18x6902 
0.18 141 5 1 
0.1811401 
0.1808652 



0.1805904 
0.1803156 
0*1800408 
0.1797662I 
0.17949x6 
0.1792171 



0.17^9426 
0.1786683 
0.1783940; 
o«i78i]97 

o- '77845s: 
0.1775714 



0.1772974' 
0.1 7702 34I 
0.1767495 
0.1764756 
0.1762019 
0.1759281, 



0.175^545 
0.1753809 

0.175 1 074I 

0.1748340 

0.1745606 

0.1742873 



0.1740140 
0.1737408 

o.»734677 
0.1731947 

0.1 7292 1 7 
0.1726487 



0.1723759 
0.1711031 
0.1718304 
0.1715577 
0.1712851 
0.1710126 



L. 



Tang. 



5 398,6 5< ^ 60 

53««>M 531 

5379>oSi 5W 
5369,270 57 

535f»494 56 
5S49>7a7 55 
5339^9^9 54 



5330,21953 

53*o>479 5» 
5310,74651 
5301,023 50 
5291,308 4^ 
5281,601 48 

5271,90447 
5262,21546 

5a5»*535 45 
5242,863 i4 

5233,20043 
5**3>545 4* 



5213,8994* 

5204,161 40 

5194,632 

5185,012 

5175,400 

5165,796 



5156,201 
5146,614 
5137,036 
5117,466 

5 "7*905 
5*08,352 



35 
34 
33 
3* 

3« 

30 

5098,807 19 
5089,271 18 

5079*743 *7 
5070,21426 

5060,71315 

5051,31014 

23 

11 

21 



5041,716 
5032,229 
5022,751 
5013,282110 

5003,811 19 

4994,367 iS 



4984,9*3 
4975,486 

4966,058 

4956,637 

4947***5 
4937,821 



4918,416 
4919,039 
4^9*659 
4900,188 

4890,9*5 
4881,570 



4872,223 
4862,884 

4853*554 
4844,231 

4834,916 

4825,610 

NTTiU 



39 

38 

37 
36 



17 
16 

»5 

14 

*3 
12 

11 

70 

9 

8 

7 
6 

5 

41 

3 

2 

I 

c 



:(m 



tM 



1 
t 

3 

4 

5 
6 

7 
8 

9 

lOj 

11 
12 

^3 
14 

*5 
16 

*7 

i? 

19 

ao 

11 
11 

*3 
14 



*5 
26 

*7 
18 

29 
30 



3* 

3* 
33 
34 
35 

3^ 

37 
38 
39 
40 

41 
4* 



43 

44 

45 
46 

47 

15 
49 

50 

5» 

5* 
53 
>i 
55 
5« 
57 
58 

60 



M 



N. Sec 
913,633 



9^5^886 
928,142 

930*399 
932,658 

934,918 

937,181 



JL«» OCC* 



939*44^ 
941,711 

943,980 
946,251 
948,523 

950*796 



953*07* 

955*350 
957*619 

959*9** 
961,194 

964^79 



966,767 
969,056 

97**346 
»973*639 

975*934 
978,130 



980,519 
982,829 

985,13* 

987,435 
989,741 

99**049 



994*359 
996,672 

998,985 

1001,300 

2003,618 

*oo5>937 



1008,258 
2010,582 
1012,907 
2015,234 
2017,563 
2019,894 



2022,226 
1024,561 
1016,898 
1019,136 
1031,577 
1033,919 



2036,264 
2038,610 
2040,958 
1043,308 
1045,660 
1048,014 



2050,370 
2052,728 
1055,088 
2057,450 
2059,814 
1062,179 



0.0764086 



0.0764907 
0.0765728 
0.0766550 
0.0767372 
0.0768195 
0.0769018 



0.0769841 
0.0770666 
P.077J491 
0,0772316 
0.0773141 
0.0773968 



0.0774795 
0.0775613 
0.0776451 
0,0777279 
0*0778109 
10*0778938 



0.0779768 
0.0780599 
0.0782430 
0.0781262 
0.0783094 
0,0783927 



D 



Oo-fin< 



9.92 35914 8386,706 



821 
811 
811 
811 

823 
823 

i^. — ____ 
8249-9*30*588375*598 

815 9*9**9334 8374*009 

825 9*9**8509 837**418 
8269-9**76848370,827 
8269-9**68588369,236 
9.9216032 8367,643 



9.9135093 8385,111 
9.9134171 8383,536 
9.9233450 8381,950 
9.9232628 8380,363 
9.92318058378,775 
9.9230981 8377,187 



0.0784760 
0.0785594 
0.0786418 
0.0787263 
0.0788098 
0,0788934 



0,0789772 
0.0790^07 
0.0791445 
0^792183 
0.0793112 
0.0793962 



0.0794800 
0.0795640 
0.0796481 
0.0797311 
0.0798164 
0.0799006 



0.0799849 
0.0806692 
0.0801536 
0.0802381 
0,0803225 
0.0804071 



0.0804917 
0.0805763 
0.0806610 
TO. 080745 8 
0.0808306 
0.0809155 



0.0810004 
0.0810854 
0.08 II 704 
0.0812555 
0.08 1340613^ J 
0.6814158 



Co*{ecants 



^6 Degrees, 



827 
818 
828 
818 
830 
819 

830 
831 
831 
832 
832 
833 

833 



9.9220232 8356,476 
9.9119401 8354,878 
9,92185708353,279 
9-9**77388351,680 
9.9216906 8350,080 
9.9216073 8348 ,479 

8349-9**5*408346,877 

8349-9**44068345,275 

- ^9.92135718343,672 

9.9111737 8342,068 

9.9211901 8340,463 

9.92110668338,858 



835 

835 
836 



837 



838 
838 
839 
839 



649 
849 
850 
850 

85* 
851 



D 



9.9225105 8366,050 
9.9124377 8364,456 

9**3549 8362,S62li( 
9.9222711 8361,266 
9.9111891 8350,670!' 
9.9121062 8358,074 



3-^9.92102298337,252 
-*- 9.9109393 8335,646 
9.91085558334,038 
9.9107717 8331,430 
9.9206878 8330,822 
9.9206039 8329,212 



9.9205200 8327,602 
9.9204360 8325,991 
9.9203519 8324,380 
9.9202678 8322,768 
9.91018368321,155 
9.9200994 8319,^41 



839 
840 
841 
841 
842 
841 

843 ^ - 

8459-9*001518317,927 

844 9-9*99308 8316,312 
84c 9-9198464 83*4*696 
84^^'^76*9 83*3>o8« 
8469-9*96775 83***463 
— 9.91959298309,845 

846 

847 
S48 



9.9195083 8308,226 
9.9194237 8306,607 
9.91933908304,987 

8189-9*9*54*8303.366 
9.91916948301,745 

9.9190845 8300,123 



9.91899968298,500 
9.9x891469296,877 
9.91882968295,252! 

9.9*87445 8i93>6i> 
9.9186594 8192,002^ 
9.918574218290,374 



L. Sine 



N. Sine, 



^VNT 



Ml N. Sine } L. Sine hy^ Co-fecants 



5 5^3>98i 



7 5^o*»798 9.748S698 

8 56ii,io6J9.749o56i 

9 5613,6149.749^15 



10 

11 iv.«,,^«i9.74,oi4* ,g.^ 

12 5610,^3 4 9.749S007 «>2y[ io.»50i993 1 7790,9551 4! 



J13 5^3>^39]9-7499<66 JJJJ »o-*SO?»34|i77«3»344|47 
|x6|563o,453 9-7505434|j853 'o-H94SH'77^'5S9H4 



IH 5f»5>645 9-7So«7*3 IScJI'^***^?*^? i7775'74iW 
;«5 5^«>049 9-75^3579 1855 WH9^? »77f«»«4%5 



ii7 563a>»57 9-7507»«7 j853|'°***^*Z!3|>775»«98o|43 



1^ 

U9 



r 



\ 



9-7475*»7 



5 59'*9»9 

5S94»J4o 9«74774»9 



9.7479360 
9.74^1*30 

9.74*3099 
9- 74*49^ 



5606,390 9^486833 



;l 



56i6,oxi!9.7^4i8f 
5618,4489.7496148 



187a 
1871 
1870 
1869 
1868 
1866 



1865 



io.asa4383 ji 788^9i6J ^ 

10.1518770 17859,8x7 57 
10.1516901 I785i>r33 56 
10.1515033 17844^57 55 
10.1513167 1 7836,790 j^ 

i86^«®-»S"30» «7;a9»M»|53 



5635,160 9.7509140 



5637.663 9.7510991 



I- 'iT- ^1 ' '-'-'2"- x8^l **"*^y^*7737>»45 4« 
feo 5640,066 9.7511841 *gj 10.1487158 17730,190 40 
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3.3632081 
8.3643765 

8-3^55434 
8.3667086 

8.367S723 



8,3690344 
8.3701950 

8.37M539 
8.3725114 

8.3736672 

8.3748215 



8.3759743 

8-377"5S 
8.378*751 

8.3794*3* 
^.3805698 

8J81714J 



02^1,467 

242il03 

242,740 

H3»377 
i44>oi5 
2441^55 



8.3828584 
8.3840004 
8 '385 1409 
8.3862799 
8.3S74«74 
8. y8S533 



\ 



43 
441 
45 
(46 

7 

rl? 
49 
5<^ 
5» 
5* 
53 
54 



0245,294 8.3896878 



a45»935 

a46>577 
247,219 

247,862 
^5^52? 



0249,151 
*49»797 



151,091 

>Si»739 
152,3^8 



550253,038 
S6 253,689 
S7l »54»34o 



8.3908207 
8,3919522 
8.3930822 
8.3942107 

8»3953377 



0260,900 8,4164741 
261,561 8.4x75723 
262,222 8.4186690 
262,884 8.4x97644 
263,547 8.4208583 
264,211 8.4219508 




^3 

N.VJiBdL.Ver.fine 



0256,299 



0256,954 8.4098556 
257,610 8.4109622 
258,266 8.4120675 
258,923 8.4131713 
259,581 8.4x42736 
260,240 8^^153746 



0264,876 8,4230420 
«^5>54«8.4a4»3'8 
266,207 8.4252201 
266,875 8^263q72 
267,542 8.4273928 
268,2118.4284770 



0276,980 



8.3964632 
8.3975873 



250,444 8;3987«>98 



8.39983X0 
8.4009506 
8.4020688 



5« 
59 



254,992 
»55.H5 



t6ol 2 ^6,299)8.4087475 



8.4031855 
8.4043008 
8.4054147 
8.4065270 
8.4076380 



8.4087475 



0268.881 8.4295599 
. 269,551 8.4306414 
270,2238.4317216 
*70»895 8.432800^4 
»7i>5^8 8^338778 
272,241 8,4349539 



0272,916 8*4360286 
*73»59» 8,4371020 
274,267 8.4381740 
*74»944 8wf 392447 
275,622 8^403141 
2 76,30 1 8.4413821 



8.4424488 



277i66^ 8,443514a 
278,342 8.4445783 
279*OH 8.445641D 
279,706 8.4467024 
280,390 8.4477625 



0281,074 8.4488213 
281,760 8.449878^ 
2825446 8^509350 
283,133 8.4519898 
283,820 8.4530434 

*?4f509 8.45409 5J 



0285,198 8.4551467 
285,88% 8.4561964 
*86,579 8.4572448 
*87;27i 8.458^920 
287,964 8.4593378 
288165718.4603824 



0289,351 

^90,047 
290,742 

291,439 
292,137 

* 9*>835 



*94>935 
295,637 

296,33^ 
*97>o43 



814614257 
^14624677 
8:4635085 
8.4645480 
8.465586J 
8.i f666^33 



oa93»534 8.4^76590 
294/134 8,4686935 



8.4697267 
S.4707587 

8.4717894 
8.4728189! 



_££Deg. I 

N.V.iine t.Ver.fine 



0297,043 8.4728189 



0*97*747 8.473847* 
298,452 8.4748742 
299^1588.4759000 
299,864 8.4769246 
00*57* 8.4779480 
01,280 8.4789701 



o 



01,989 8,47999x0 
02^699 8^^810107 
103,409 8.4820291 
04«i2i 8.4830464 
04,833 8.4840625 

;o5>547 8.4850773 

06,260 8 .48609 1 o 
06,975 8.4871034 
107,691 8,4881147 
08,407 8.4891247 
,09,125 8.4901336 
09,843 8.4911412 



10,56218.49* '477 
11,281 8.4931530 

i2,0O2 8.4^4157* 
12,723 84951601 

3>445 8-49^ifii9 
14,1688.4971625 



14*8928.4981619 
I5>^i7 8.499i6o» 
16,342 8.5001573 
17,6698.5011532 

17,796 8.5021480 
18,5248*5031416 



19^252 8.5041 341 
19,982 8.^051^54 
20,712 8.506X156 
21,443 8.5O7IO46 
22^1758.5080925 
^2,908 8 .50907 92 

>3,642 8.5*00648 
24,376 8.5"0493 
,25,1128.5120326 

25,8488.5x30148 
*6,58^ 8.5139959 

*7>j** 8^5*49758 



28,961 8.5159546 
28,8008-5169324 
*9>54! 8.5179089 
30,2828.5188844 
31^023 8,51^8588 
31,766 8,5208320 



32,510 8,5218042 
33,2548.5227752 

33>999 8.5*3745* 
34*745 8,5*47140 
J5.49* 8.5256817 
36,239 8 .5266484 



36,988 8.52761 

37»737 8.52857 
38,487 8.^295417 
39,238 8.5305040 

39*9898.511465* 
40*7 4* 8.5324253! 



Sly.iinc (L.Vcr.fine • 



0340,742 



0346,032 8.5391 161 
346,791 8.5400677 

347*55» 8.5410182 
348,3118.5419676 
349*073 8.54»9»6o 
j49»8 35 8.543863 3 



0350,598 8.5448096 
351,362 8.5457548 
352,127 8.5466990 
351,892 8.5476422 

' 353*659 8.5485843 
354,426 8.5495153 



0355**948.5504654 



034**495 8.5333844 
342,249 8.5343423 

323,004 8.5352992 

343,7608.5362551 

344,5168.5372098 

345**748.5381635 



355*963 



0364*473 
365**5* 



8.53*4*53 

i"i ■ ■ ■ 



8.5514044 20 



356,732 8.552342 3^ 
357,503 8.5532793 
358,2748.5542152 

359*046 8^555i5£? 
0359,819 8.5560839 
360,593 8.5570167 
361^3678.5579485 
362,1428.5588793 
362,919 8.5598091 
363,695 8.5607379 



8.5616656 
8.5625924I32 

33 

34 
35 



.366/631 8.5635181 
366,811 8.5644429 
^67,592 8.5653666 
368,374 8. 5662894) 36 



0369,157 8.5672111] 37 
369,9408.5681318 38 
370,7*58.569651639 
371,5108.5699704140 

372,296 8.5708881 
373,0838:5718049 



0373,8708.5727207 
374,6588.57363.55 

375*4488.574549445 
376,2388.575462246 

377,0288.576374147 
377^20 8.5772850 48 



0378,6138.5781950149 
379,4068.5791039 
380,2008.5800119 
38o,995[8.58oai89 
'182 



381,799 8.5818250 

j8*,557 ^.:i8l73Qi 

0383,3848.5836342 

384,1828.5845374 
384,0818.5854x96 

385,7^1 8.58634^*9 
'•386,5328.587241* . 
387,383f8. 5881406 6 



3 

4 

5 
J 

7 
8 

9 

10 

II 

12 

«3 

H 

*5 
16 

*7 
18 

»9 



21 
22 

*3 
*4 

*5 
26 

27 

28 

29 

30 



4* 

4* 

43 
44 



5^ 
5« 

5* 

54 

55 
56 

57 
58 



11 






I 



x{o3S^,x85 8.^899390 
% 388,9888.5890365 

3 389,7918.5908330 

4 39P»597 8t59»7»86 

5 391*40* ^•S9»^»33 

6 392,ao8 8.593 5170 



70393,0168.5944097 

J93,823 8.59530x6 

394*^3? ^*596l025 

395*44* 8f597oSa4 
396,25^8,5979715 

397,063 8,5988596 



8 

9 
fo| 



?3 039718758.5997468 
398^688 8.6006330 

399,50x8.60x5x84 

400,3x6 8*6024028 

401,13x8.6032863 

4o y»947 8,6041689 



II 

17 
18 



20j 

21 

22 

»3 

*4 

»5 
26 

*7 
28 

29 

121 
31 

3* 
33 

341 

35 

36 



1 



8 

39 
40 

41 



x6Deg 

rtl8. 



N,V.fmg|L.V«rj5nc 
0387,38318.588x406 



04x7,606 8.6207664 
4x9,^38 8.621631X 

4X9»*7i 8.6224^8 

4*0,105 8.6233577 

4^,940 8.6242197 

S»| j^iiTTJ 8.6250809 



12 



430422,6xx|8.62594 _ 
M 4»3>448 8,6268006 

45 4*4»»86 8.627659X 

46 435,1258.6^85x68 
♦7 425«965 8.6293736 
48 426,805 8,63 02^95 



49 04*71646 8,^63x0846 
fo 428,4888.6319488 
5' 4*9>33i 8.6327922 
5» 430*1758.6336447. 
53 43'>oi9 8.6344964 
14 43l>864 8.6153472 

55 0432,7x0 8.(^361971 

56 433*5578.6370462 

57 434*4058.6378945 

58 435**538.63874x9 

59 436.X02 8.6395884 



X9I04029764 8.6059506 
403,5828.6059313 
.404,4008,60681x2 
'405»*i9 8.^076901^ > 
406,039 $.608568) 
406,860 8.60944 53 

0407,682 8.6x032x5 
408,5048.61x1968 
409,328 8.6120712, 
4x0,1528,6129448 
4«o,977 8.6x38x74 
4",8o3 8^6x4689 X 



0412,6298,^x55600 
41 3»457 8.6164299 
414,285 8.617^990 
4X5,xi4 8.618x672 
4x5,9448.6190345 
4x6,774 8.6199009 



N.V.tiiiM„Ver,fine 



f'm 



043 6*95* 8,6404342 

0437,803 8.641279 X 

438*655 8,^42X231 
439,508 8.6499663 
440,361 8.6438087 
441^^X58,6446502 
44 **070 8.6454909 



0448,0778.65135*6 
448,938 8.652X867 

449>fox 8.6530200 
450,6648.6538524 
45X,527 8.654684X 
45**39*8.6555x49 



0453**57 1.6563449 
45441248.657x741 

4X4*991 8.6580025 
455*859 8.6588301 
456*7*7 8.6596569 
4£7»$97 8^^048*2 
0458,467 8,66 1 3o# 



0442,926 8.6463308 
443,782 8.6471698 
444^639 8.6480080 
445,498 8.6488454 
446*357 8.6496^20 
44 7**168.6505x77 



459*338 8.66^1324 
460,2x08.6629560 
461,083 8.6637788 
461,956 8.6646008 
46^,830 8.6654^20 

0463,70^8.6669424 
464,582 8.6670620 
465*458 8.6678808 
466,336 8.6686988 
467,2148.6695160 
468,093 8.6703324 



0468^9738.6711481 
469.854 8.6719630 
47«»7j6 8.6727771 
471,6x88,6735904 
47**5Pi 8.6744029 
473*385 8.6752147 



0474,270 8,6760256 
475*«56 8,6768358 
476,o4» 8.6776453 
476*929 8.6784539 
477*817 8.6792618 
4789706 8.680068^ 



0479*596 8.6808753 
480,486 1*68 16^09 
481*377 8.6824?57 
482,269 8.6832897 
483,162 8,6840930 
484*056 M848956 



9484,9108.6856^73 
485,846 8.6864984 
486,742 8.6872986 
487.639 8.6880981 
488,536 8.6888969 
489*4 35 8.6896949 



iSDeg. 



0489*435 



0490,334 8.6904921 
491,234 8.69x2886 

492,1358.69*0844 
493*037 8.6928794 
493,9398.6936736 
494,843 8.6944672 



0506,659 8.7047x58 
507,574 8.7054990 
508,4898.70628x5 
509^5 ^7070633 

510,3*2 8,7978444 
511,240 8.7086247 



N,V.finc 



L.Ver.fine 



8.6896949 



0495*7478.6952599 
496,652 8.6960520 
4^.557 8.6968432 

498*4648,6976338 
499*371 8,^84236 
500,2798.6992x27 



Q501, {88 8,7000010 
503,098 8,7007886 
593,0098.7015755 
503,9208*7023^17 
504*83* 8.7031471 
505*745 8.7039318 



05i*,i58 8.7094044 
513*078 3*710^833 
513,9988.71^09615 
514,9198,7117390 
515,841 8.7125157 
5x6,7638.7x329x8 



0517,687 8.7*40671 
518,6118,7148418 

519*536 8.7i56»57 
520,4628.7163889 

521,3888.7171614 
522,31^8.7179332 



P5*3»«44 8.7*87044 
524,1738.7^94748 
5*5*103 8.7202445 
526,0348.7210135 
5*6,965 9'7^l78i8 
527,897 8.7325494 



05*8,8308.7233163 
529,764 ^,7^40825 

530,6998.7^8480 
131^6348.72(6x29 
53**570 8.7*63770 
533*507 3.7*7'404 



0534*445 8.7*7903* 
535,38487286^3 

536,323 8,7294367 
537**64 1.7301874 
538,205 8.7309474 
539,1468.7317067 



0540,089 8.73*4654 
541,0328.7332333 
541,977 8.7339806 
542,922 8.7347373 

543,868 8.735493* 
54^814 8.7362lt85 



19 D^ 

N.V.finelL.Ver^t 



0551,46 

55**4' 
553*37 
554*3* 



565*843 
566,808 

5^7*773 



3 

3 

4 
5 



0544,814 8.7363485 I 

0545,762 8.7370034 
546,710 8.737757< 

547*659 5.7$85»o* 
54«*66l98.719»*»^ 
549»559 8.749^147 

«^5ii 822507659 

8.7415x65 
$.742x664 ' 

8-7430x56 
„ 8.7437^42 10 

555,9808,7445x21" 

55$**|6 8^745*593 1! 
0557*«93^'744p€)59'3 
558,151 8.7467518 »4 
559,lio|8«747497il'5i 
560^069 



- , ,If-74»»4X7 '^ 
561,029 8.74*9*57 '7 

561,990 <'7497*90 £j 

056**95* 8-7504716 >9 
56ji9i5 8-7S>*»36|*«> 
564**78 *'75«9549*' 



8-75»6956|it 

;-7$34357 *3 
8»754*7S«I** 



0568,7408-7549x38*5 

569,707 8*7S5^5«9 *S 
570,676 8<75^3894 *7 
571*645 ^•757X*63»« 
573,6148,757863319 

573,585 8.75*5979 3^ 

0574^556 J-75933»7 3' 
575*5*9 I'7^oo67o 3* 
576,502 8.7608906 31 

577*475 !'75'3|3^ ^ 
578,450 ••76»*659 35 

579*4*5 8.76;i9976 3^ 

0589,402 8«76573S6 37 

581*379 j7^S9i 3* 
589,356 8.76S1W9 39 
583,335 8.7659i»^4d 

$84*314 8,7666466,41 
58^,395 8.7673745 54* 



9586,276 8*76Sioi8 43 

587**57 8.7688*84,44^ 
588,340 8,7695544(45 
589,3*3 8,770»798t4^ 
590,307 ?i77 10946 47 
591,192 8f 771 7*88 ^4^^1 

059**178 8.77^4S*3'49f 
593*165 8t773i75*i5o 
594*15* ^'77389755^ 
595^140 8.774619*! 5* 
596,1298.7x53403^53 
597,1x^^.7760^7 54 

0598,109 f77675o}l55 
599**01 ?'7774997 56 
690,093 tl.77?*i*3'57 
601/386 8,77$9363;58t 

602^079 8.7796537J59I 
603,974 8.7803705 6pi 



Fffj 



^1 



^~ 4Q Peg - 



H.V.ine L.Ver.Cw 



■1W.SS6 9; 3*9' 314 



147.04° 
:=J4B.»I3 

3I4>S3S 

.558,186 



9.J694804 
... . 9-jM»7- 
j4i,i68 9.3701739 
9-37opo5 
9,3708669 
9- 37'*' 3' 
.371559! 
9-J7'90S' 
9.3;>iSo8 
9-3715965 
9,3729419 
9-3.73*''7' 



J69.SS5 
17M3* 
'■173-1'7 



-57S.964 
i;8o.i48 
1581,731,, 
1584,6179, 



9.5736313 
9- 37 3977 J 
9.J743111 
9.3746668 
9.1750113 
9-3753Si7 



.3756999 

..3760440 
..3763879 
..3767316 
•377075: 
(i36 



1390,1769, 
,-'.'639 
,1394,0519, 
' ° -^^S'94° 9 
r 1397,831 " 
'399.7»< 
j3 1401,611 
14 140).S«' , 
35^«S>394 9. 
-7,187 



J7i4P9."£ , 
jS!i4»'.074 9 
,9;i4"».9S9 9 
4.i>.i4i4,864 9 
4,12416,760 
).i!i4>_g,6S_ 
,51410.55 



1418,149 
i430,c«9 



»9»43».95-^- 
;o 1433.85* 9- 
(I 1435.754 9' 
;i 14371*57 9' 

;3 1439. 5*' 9 

;4;44l,465 



1443.3709 
144S.1'* 9 
1+47.'*' 9 
1449.0*9 9 
2450,99* 9 
i45'i9°4 9 



,3777619 
,j7llojo 
.3784480 
.37B7908 
.3T9'33S 
.37947^0 
.3798. 84 
.3801606 



3839147 
3B41551 

18*5953 
.3*49354 
1851753 
3'S^'5: 



3^59547 
.3861541 
.,86633s 
.3869717 

3873": 



3879*9: 

388666: 
3S90045 
.389342'' 
,^896806 



«4S'>9°4 



'4S4.8I3 
,456,711 
^4SM3; 
1460,543 
1461.454 
1464,366 



.466,179 
1468,19: 

147». 
'473.935 

1477.767 
1479,684 
14! 1,60: 
14«3.S" 
'485.439 
»4^7i3i9 
i4«9.i79 9 

1493.' 

495.-^43 9 _.. 
1496,966 9-3974" 
.498,8899. 397747^ 



41 Peg . 



Erv.ei 



,500,8 

■Soi,7JS 

^504,66 5 

1506.589 

1508,5,6 

'i' °.443 

•S'i.37 

1514,199 



.515,883 
■S»9>749 

■i33,6il 
■S3S.5S4 
'■537.490 
539.4'-6 
541.364 
543. 3< 



■547. '79 
.S49,"9 
.551,059 



.558,817 
560,771 
.561,715 
.564,660 
.566,606 
568,55^ 



. 3984'i4 
9-3987493 
9.3990S31 
9.3994168 

9- 399750; 

>co8;; 

)o4i69 
9.4007500 
9.4010819 
9.4014157 
7484 



1584.143 
,586,095 
1588,047 
.590,000 
1591.9 541 
1593,908 
.595,863 
1597.819 
1599.775 
.6e],7ja 

1605,647 
1607,606 
1609,565 
i6.1,5>S 
1613^85 



9.4024131! 

9,4017454! 
9.4030775 
134094 
9-40374I 
9.4040718 
9.4044043 
-404-7356 

9-4053978 
9.4057187 



9.4060595 
9,4063901 
167106 
9-407050? 
9.407381 
9- 4°77 



408041 



4a Peg. 



N.V.Cne 
*568,S5^ 



574.3949-4106750 



iS76,34» 
.578,191 
■s8o.a4i 



9.4110036 
9.41133H 
9,4116604 



9-4"59'56 

9-4'6i4'! 
9.416568. 
9-4168943 



'6lMi! 
1633,11; 



644,939 

.648,5 Si 
.650,854 
:65V,8i.7 

1654,80, 
.656,775 

1658,750 

" *,70 



.664,678 
.666,65; 
.668,633 

x67o,6ii 
1671,591 
■674.57 ' 
.676,551 
678.533 
.680,514 
.681,497 
684,479 

1686 ,^63 



1617,408 

1619,371 . . ,, 
' 3349.4'S5"3 
9-fi88475 
9.4191716 
9.4194 975 



[98= 
9.4»1>I470 
9.41P4715 
.4107959 
9.4H'iOi 
9,411444] 



9-4»»4M6 

9-4137391 
9.4130616 
9-4»338sS 
9.4137089 
9.4140! 
9.4143548 
9.4146775 
9.415000: 
9.4 153*1: 
9-415644; 
9.4159669 
9.4161889 
9-4166108 
9.4169315 
71541 
9-4175756 
9.4178969 
9.4181181 
9.41KS351 
9.438g6o'i 
9-4'9'809 



N.V.Cni 



1686,463 9.4191109 



■■688,447 

1690,43; 

1691,41 

1694,403 

16^, J90 I 

1698^7 

1700,365 



4314*1 
3S4{9-41'741: 
9.43106,7 
9-*3«38- 
9.4117004 
9.433°' 
. . 94333386 
1714.197 9-+336574 
--' ,90 9.43;976i 
184 9^54194! 
9-43461- 
9-43493' ' 



17«4>343 ' 
.706,331 
708,313 



,710,178 



_±3_Pe6-_ 



9.4195015 

9.41 j8: 

9.4301414 

9^.304616 

9.<S078i7 
9.4.3110 17 



,714,16s 



1730,157 
1731.155 
1734,153 
1736,151 
1738,15: 
1740.1s' 
74=.»53 
1744.154 
746.156 
1748,159 
.750,161 
1751,166 
1.754.17: 



■758.18' 



9-43S»49S. 
9-4355678 
9.4358858 
9.4361036 
9.4365s,: 
9-436838; 
9.437156: 
9-4374734 
9.4377905 
9.438ie'7i 
9-4384-4-; 
9-4387411 



,4390571 
■439374' 
9.43969.04 
9.4400^.66 
>7 5^,176 9.440JX1 



9.440638 1 



1770,)19 9.4415313 
77*. 139:9-441 84* 3 
774>349r9-443 '&" 

776,j6o'9,443475K 
1778.371 ■ " 
1780,185 

178: " 



1784.41 
1786,416 
17SB, 
790.456 
1791,471 
1794.4S9 
.796,506 
.798.514 
.800,54. 
.801,56; 
1804,58: 
l3o6,6ci 



4437904 
9-4441049 
9- 4444191 
9-4447334 

9-4450475 
9-4453* "4 
■445675: 
,4459889 

9.446(158 
9.4469191 
9.447141: 
9-447SiS5 
,.447868, 
9-447 '>oS S.- 



4*1 



'Kg 



t 
I 

m 

s 
r 
t 
t 



B" 



I 

% 

3 

'.5 



8 

9 

ioj 

II 



7l3«59»444 9- 5*^5*47 
3861,740 9.5867830 

38449036 9.58704^a 
3866,334 9-5*7*993 
3868,631 9«5*7|573 
3870,9199.5878*53 



«3 
M4 

:«5 

16 

«7 
^18 



«9 

»o 
ai 
ai 

»3 

ii 

;*5 
a6 

*7 

s 

*9* 

12 

3« 
I* 

331 

34 

35 
36 



4 



8^2 

3» 

^9 
40 

41 

4? 
43 
44 

,45 
46 

47 

1! 
49 

50 

M 
5» 

53 
54 

56 
57 
58 

60 




N.V.tiiie) L.V cr.img 

3843138519.5847139 



3845,678^.5849719 

3*47»97« 9-585*31* 
3850,4649.5854905 

3*5*»55* 9-5*5749* 

3*54.*53 9-5*69078 
3857,1489.5861663 



3*73>*** 9-5**073» 

3*75*5*79-5**330* 

3*77,«*7 9-5**5**5 
3880,1179.5^8460 

3881,418 9. 5^9 1034 

3**4»73o 9.5*93608 



3887,031 9.589618 i 

3**9»334 9-5*9*75* 
3891,6379.5901313 

3*93y940|9-5903*93 
3896,14419.5906461 

3898,5489.5909019 



39<«»*53,9-59"596 
3903,159 9.59i4>^* 
3905»4«5 9.59«^X*7 
3907>77i9-59»9*9i 
3910,078 9.59*«*54 
39ii,386t9.59*44«7 



39i4r694)'9-59*^97* 
39i7,ooi]9.j9i9538 

39»9jg«j9-593*09* 
39M>6it 9-5934*5^ 
39*|*93t 9^5937*14 
3916,14a 9-593977Q 



39»*i653M94*p6 
3930,864 9. 5944S&1 

3933.»»76 9.5947434 

3935*4*99.59499*7 

3937.*o* 9-595*539 
3940,1169.5955090 



3941,430 9.5957640 

3944*745 9-5960189 

3^7*0609-596*737 

3949*3769-5965**5 
3951,6919.5967831 

3954.009 9.5970376 



3956*3*6 9-597^*^ 

3958,644 9.59754^ 
3960,961 9.5978007 

3963***1 9.59*0549 
3965,600 9.5983089 

3967^9*0 9-59*56*9 



3970*140 9-5988168 
397**561 9.5990706 
3974**83 9.5993*43 
3977**05 9.5995779 
3979*5*7 9.599*3*4 
39*i,85o|9Jooo84i>l 



3998^149^018563 
4000^451 9.6011090 
4001,779 9.6013616 
4005,107 9.601614^ 
4007,4359.6018665 
4009,764 9.6o3av88 



4011,094 9^603 37J0 
40C49413 9.6036a 3x 
4016,754 9.6038751 
4019,085 9.604x171 
4011,417^.6043791 
4023,749 9.6046308 



4016,08 1 9. 604881 5 
4018,414 9.6051 341 
4030,74* 9-6053856 
4033,081 9.6056370 
4035,416 9.6058883 
4037*75^ , 9*6061396 



53 Pgg* 

N.V.fintlL.Vcr.fine 



3981,850 



39*4,173^-6003381 
3986,497 9.600591A 
3988,811 9.6008446 
399 '^■46 9.6010977 
3993*47*9-6013506 
3995*79* 9-6016035 



9.6000849 



4040,08;! 9.6063907 
404a,4i3 9«6o664<i7 
4044,759 9.6068917 
4047,0969.607x436 
404^34 9-6073943 
405^,77* 9-6076430 



4054,141 9.6a78956 
4056,450 9. 608-146 1 
4058,789 9.6083965 
4061,119 9.^086468 
4^063^70 9.6088971 
4065^81 X 9.6091471 



4068^x53 9.609397a 
4070,495 9-6096471 
407^,83^ 9-6098971 



4075,18* 



4077*5*49-6103^5 



4079,868 



4081,1x3 9.6x08956 



4084,558 



4086,9049.6x13944 



4089,150 
4091,596 

4223:24? 



4096,194 
4098,639 
4100,988 
4*03,337 

4ip<,686 
4108,036 



4110,387 



4x17,441 
4"9,794 



9,6 (0*469 



9*6x06461 



9.6x1 145 X 



9.61 16436 
9.6x18918 
9.6jix4«8 

9.6x15908 
9.6x16397 
9.6x18885 
9.6x3x373 
9,6133858 
9.6136343 



9.6x38837 



4x11,738 9.6X413XX 
41 15,090 9-6143793 



9.6x46175 
9.6x48755 



■«T 



9.0 1 



4x14,501 9*6x537i4 

4x16,8559.6x56x9a 
4x39,3x0 9.6x58669 
4*3>,565 9.6161x46 
4*33*9*0 9.6x6363 X 
4x36,176 9.6166096 



41 38,63 j9.6c68^9 

4x40^^90 9.6x7*041 
4*43*34*9-6173544 
4145*7069.6x75985 
4x48,064 9.6178455 
4x50,413 9.6x80934 



4«5*>7*3b'6i8339i 
4*5S,*43 9-6185860 
4*57*5039.6x88336 
4*59**649.6x90793 
4x63,1169.6193356 
4164,588 9.6x95710 

416(5,9509.6x98x83 
4*69,3x39.6100645 
4x71,6779.6103x07 
4*74*041 9.6105567 
4*76,405 9.6108016 
4*7**7709.6110485 



54 I>e& \ 

N.V.lindL.Ycr.ane 



4***,*47 



9.615x135 



4x8r,X36 9.6ixi9'43 
4**3,501 9.61x5400 
4x85,8^89.63x7855 
4**8,1359.6130^x1 
4-190,603 9.6111765 
4*9*,97o 9.63351x8 



4*95>339 9-6^17670 
4*97,708 9.6230x31 
4*00,0779.6131573 
4101,447 9.6135011 
4*04,8x79.6137471 
4107,188 9.6139919 



4109,560 9.6243367 
4111,93*9-61448x3 
41x4,304 9.6147358 
41x6,677 9.6149703 
4*iJ*05< 9.61^1x47 

4****£^ 9-^545% 



4*13,79^9^^57031 
4^*6,1739.6159473 



4W8^5.48 



4*30*9^4 9-6164353 



4133*300 
4*35,677 



9^366791 
9.6169118 



4*49*947 



4*54,708 
4157*089 

4*59*47 » 
4*61,853 



6*5**35 J4a6^at6 

gs? 



9.63619x3 



4*38,054^.617x665 
4140,431 9.6174x01 
4143,810 9.6176536 
4245,189 9.6178970 
4*47*568 9.6181403 



9.6183836 



4151,318 9.6186167 



9.63S8698 
9.6391x38 

9.6193557 
9.6195985 
9,619^1% 



4164,136 



4166,6x99.6300838 

4169,001 9.6303364 

417**3*69.6305688 

9.63081 12 
. 9*6310535 

4*78*54* 9'63ii9S7 



4*80,9179.63x5378 
4** 3*3"*4 9.6317799 
41850701 9.6330318 
4388,088 9,6333637 
4*90,4769.6335055 
41^3,864 9.6337472 



4*95,*J* 9-63a9888 
4197,6439.6331303 
4300/5329.63347x7 
4303,4339.6337x31 
4304,8x^9.6339543 
4307,*oj 9. 634x95^ 

4309,597 9-'63443<6 

4311,9*99-6346776 

43*4,3*' 9-6349185 
43*6,7759-635x594 

43*9**689.6354001 

43***563 9-6356408 



5IS 



M«| 



iM.Y.tmc( L.VeFS 
9^6398413 



43*3*957 9-63588x4 
43*6,35*9-63613x9 
43***74* 9.6363633 
43L3*> 144 9-6366026 
43^31V64* 9.6368420 
4^35>9g 9.163708 30 



433**335 9-6373131 

4340,7339-6375631 
4343**3*9-6378030 

4345153*9-6386418 

4347*930 9-6381815 

4350,330 9. 6385321 

435**7309.63876x8 
4355**3*9.6390013 
4357,5339-639*406 
4359,9,34 9.639i8oO| 
4361,33:^9^6397191; 
4364,740 2:6 Jgf9s83 

9.6401974 
9-6404364 



4367,143 
4369,547 
437^,95 '19-6406751 

4374,355 
4376,761 
4379**66 



9.6409141 
9.6411538 
9.64x391^ 



4396,0x9 

439*,4*8 
4400,838 

4403**49 
4405,660 

4408,071 



43***57* 9-64i63oe 
43*3*9799-641868^ 

4386,3869.643106! 
4388,794] 

439***01 
4393,6x0 




33 



6a Peg, 

inclL.Vcr.fin«l 



5000,000 



f- 



9.6989700 

1 50oft,5i9 9.6991SS8 

2 SO05»o39 9.6994075 

3 5<»7*55f 9-^99^71 

4 5010^080 9.6998447 

5 5oia>6oi 9.V000631 
^ S^'5j'*3 9« yoo»8i6 

7 50'7»<45 9-7«<H9J9 

8 5oao»i67 9.700718ft 

9 50fti|690 9*7009363 
10 SO%5,%ix 9.7011545 

ii50*7>7J»9*7«'37»S 
Fft 5030,ft6o 9*701^905 

13 503*'7'5 9*7018084 

14 5035,1 16 9.70*0263 

»5 5037>l359«7<»H39 

16 5040,161 9.7014616 

17 5042,887 9.7osif9ft 
18 5045,4139,7028967 

»9 5<H7,940 9-703 '?4a 
205050,4689.7033316 
115052,9959.7035489 

»*5«S5>5M9.7037»*> 

235058,0529.7039833 
24 5060,581 9.7042004 

255063,1119.7044174 
26 5065,64] 9.7046344 
275068,1719,7048513 
*S 507o>70* 9.7050681 
*9 5073**33 9-7052848 
12 5075>7^4 9.7055015 

31 507^9^^*7057130 

32 5080,829 9.7059346 

33 5083,3629*7061510 

34 508 J,895 9*7063674 
355088,4289.7065837 

36 5090,962 9.7067999 

37 5093*497 9^7070160 

38 5096,032 9.7072321 

39 5098,5^719.7074481 
405 

4M 
1?5 

43 5 
445 
45 5 
4*5 

485 

49 5 
505 
5»5 
5*5 

53 5 
1545 

5*5 

5^5 
d^ 



01,103 ^.7076641 
03,639 9.7078799 
06^1759.7080957 



08,7129,7083115 

11,25G 9.7085271 



13,7889.7087427 5266,803 



16,1269.7089582 
18,8649.7091736 

•i>403 9.7093890 



61 De 



N.V.rine 



& 



L Ver.line 



9.7119677 

5154,448 9.7121822 
5156,9939.71^3965 
5'59»538 9.7126108 
5162,084 9.7118250 
5164,6309.713039ft 

5iJM7^ 9-7 '3*533 



5169,7239.7,34678 

5172,^09.7136812 
5174,8189.7138951 

5 177>366 9.7141089 

5'79»9M 9.7143*** 
5182246 J 9.7145362 



5*85,013 9.7147498 
5187,5629.7149633 
5190,4129.7151768 
5192,6639.7153901 

5i95>*i4 9.715*034 
519^,7659.715 8166 

5*00,317 9-71*0298 
5202,8699.71624*9 
5205,421 9.71645C9 
5*07,9749.7166688 
5210,5289.716^8x7 
5213,0819.717094 5 



5215,6369.7173072 
5218,1909.7175199 

5**0,745 9-71773*5 
5**3,3009-7x79450 

5i*5>85*9-7'»i575 
5228,412 ^.7 183698 



5230,9699.7185821 

5*33,5** 9,7187944 
5236,083 9.7x90066 

5238,641 9.7192186 

5241,1909.7194307 

5*43*75? 9.7>9*4** 



5246,3x79.7198545 
5248,876 9.7200663 
5251,4369.7*02781 

5*53*99* 9.7*04898 
5*5**5579.7*07014 
5259,1x89.7209119 

5261,679 9.7a] 124X 
5*64,2419.7213358 



*3i943 9-709*043 

26,4839.7098195 
29,0239.7100346 

31,5*49.7102497 
34*1059.7104647 

3*,*46 9.7106797 



39,188 9.7108945 
41,7309-7111093 
44»»73 9'7ii3*4o 
46,8169.7x15387 

49»3*o 9-71 1753*1 
c 1.904^.711(^677! 



9.7*15471 



5269,3669.7*17584 
5271,9299.7219695 

5274^49* 9 '7^*1 807 

5277,056 9,72239 ly 
5279,620 9.7226027 
5282,1859.7228136 
5284/7509.7230244 
5287,1x59.7232352 
5289,881 9.7*34459 



5*9**447 9-7*3*5*^ 

5*95*0149-7*38*71 
5297,5819,7240776 

5300,1489.7242680 

5302,7169.72449 V 
5^0^128 Ajg.7247o8'» 



N.V.iiAdL.Ver.iuM: 



62 Peg, 



5305,284 9.7*47087 

5307,853 9-7*49«89 
53x0,4229.7251290 
53x2,9919.7253391 

5315*5**9-7*5549* 

53*8,131 9.7*57591 
53*0,702 9.7259689 



53*3**739.7**1787 

53*5*8449.7**3885 
53*8,4x69,7*65981 
5330,988 9.7268077 

5 533*5*» 9.7*7017* 
533**1349.7*7***7 



5338,7079.7*743*1 
5341,281 9.727*454 

5343*8559.7*7854* 
534**4*9 9. 7*80* 3« 
5349*004 9.7282729 

5351*580 9.7*848*0 



5354*1559-7*8*910 

535**731 9-7*88999 
5359*308 9.7»9>o87 
5361,8859.7*93x75 
5364,4629.7295**2 

53*7*0409.7*97348 



53*9***89.7299434 

5372,1969.7301519 

5374*7759*7303*03 

5377,3549.7305*8* 

5379*9349.73077*9 
5382,5149.7309852 



5385,0949.7311933 

5387**75 9.73*4014 
5390,2569.7516094 

5392,8380.7348174 
5395,4*0 9-73*0251 
5398,0029,7312331 



5400,5859-73*4408 
5403,1689.73*6485 
5405,75*9.73*8561 
5408,3359.7330636 
5410,9209.7332711 

5413^504 9-733478 J 



5416,090 9.733*858 
5418,6759.7338931 
5421,261 9.7341003 

54*3,8479-7341074 
54***4349.7345145 
54*9*0* 1 J9.7 347* If 



^i Pe g. 



5431**08 9.7349*841 

5434*19* 9.7351353* 

543**7849.73534*1 

5439*3739.7355488 

5441,962 9.7357555 
S444>55i 9-7359**1 



5447,141 9.^36x686 
5449*731 9^73*3750 
545**3*1 9.73*5814 
5454.91* 9.73*7^78 

5457,503 9.73*9940 
^460,00 5I0. 7 372002 



N.V.untlL.Vcf.rmt 



5460,095 



5462,687 

54*5**79 

54*7*87*97378x^4 



5470,4*5 



54)4*059 9-7 3^*30 i 
5475**53 97384^59 
5478,247 9,7386416 



5480^842 

5483,437 
5486,033 

5488,628 
5491***5 



5493,821 
549**418 

54^9*01* 
5501,613 

5504**11 
55o6;8xo 



9.73 72002 

9.73740*5 
9.737*1*4 



9.73l>oa4i 



9.7388473 

9.73905*9 
9-739*5^ 

9.7394^38 
9.739t692 

9.7398745 

9.740079b 

9.7402850 
9.74049UI 
9.7406951 

9.74090ui 



5509,4099.741x050 
55i2,op& 9.7413099 



1 

a 

3 

A 

J 

5! 

? 

u 

I J 

'3 

H 

11 

i( 
«7 



If 

5514,6089.74151402] 

5517,2089.7417195*2 

55x9,808 9.741924c' 23 
5522,409 9.74^1 iS6 z^ 

55*5*Oic 9*74*333 »*5 
55*7**1* 9*74*5375 *t 
5530»*I4{9'74*74*9*7 

2Cj 

^^ 
31 

33 

33 
34 
35 

3.^ 

37 



553**8 1*^*74*94** 

5535*4199-7431505 
5538*0*2 9.7433547 



5540,6*5 9-7435588 

5543***9 9.7437**8 
5545*833 9.743***8 
5548,4389.7441707 

5551*043 9-744374* 
5553,648 9.7445784 



555*,*54 9-7447*ai 
5558,8609*7449857 _ 
55*1,4**9.7451893 3<i 

55*4,«73 9.74539*8 4C 
55**,*8i 9-74559*3 4' 
55*9**88 9-7457997 4a 

5571,8969*746003043 
5574,504 9-74**o*3 4^ 
5577,1139.74*4095 4 « 
5579»7**9*74**i20 4^ 

558*,33* 9.74*815^ 
5584,941 9.7470186 



4: 

5< 
5 



5587,5 5* 9-747*2x6 

5590,1629.7474*44 
$59**7739.747*272 
5595*385 9.7478299|<5 

5597,99*9-74803^0 
5600,6089-748^3^2 



—I 



3; 
_ 51 

5*03,*2i|9-7484S77{5J 
5*05,834 9.748640*' 5' 
5608,447 9.74S8426 

5611,0609.7490449 
5613,6749*7492471 



5*16,289 9,74944«J4'^ 



"^■■■^ 



a 64 Peg, i 

N .V.fme[L A'er»fi ncj 
SJ16JLS9 9*749449 4 

'5618,9039.749*5^6 

$6»i,s»5l9.749*«* 

,56»4t»34 9.75005*6 

41 56*6,749 9.750*576 

56^9,3669.7504595 
5 631,98a 9,75 06613 

5634*5999.750*630 
5637,1169.7510647 
5639*^34 9.75"663 
564»»45*9.75>4679 
I 5645*070 9.75*6694 

> 5647,689 9.75*A7g! 



5 

6 

7 
8 

9 
o 



5650,308 9.75»07»i 

4|565a>9*8 5.75**734 

5655*547 9.75*4746 

5658,1689.75*6758 
56^,788 9.75**769 
5663,409 ^-7530779 



9 

o 

I 

*l 



3 
*4 

*5 



27 
»8 

*9 

30 



3 
4 

5 
6 

7 
8 

9 

o 



5666,030 9«753*789 

5668,65a 9-753479* 
5671**74 9-7536806 

5673**97 9-753«*»4 
5676,5199.7540811 

5679,143 9.754**** 



5681,7669.7544*33 

i6 5684#390 9.7546839 

5687,014 9.754**43 

56*9*639 9.7550*47 
5691,164 9.755**50 

5694^**9 97554*53 

56^*5 » 5 9.7556*55 
5700,141 9-755**56 
5701,767 9.7560856 

4|5705*394 9-756*^*5^ 
5 5708,011 9.7564*56^ 

65710^6499.7566*54 



5719,0519.75*0**7 

44J573i,68i9'75****» 

5734*3*3 9-75*4*'4 

6)5736,9449-7586*06 

5739^575 9-75**79* 
S74***07 9.75907*9 



5713.1779.756*85* 
571 5*905 9*7570850 

571**5339-757**47 
5711,1619.7574*43 
5713,791 9*7576*3* 
57*6,4* 19-757**33 



5744**39 9-759*779 
5747,4719.7594769 

5750,1059.759675* 
S75**73i* 9.759*746 
5755*3719-7600734 

5758,006 9-76oi7*£ 



5760,640 9.7604707 
5763**759.7606693 

5765,910 9i76o8679 

5768,545 9.7610663 

5771,1819.761*6471 

5773,817 9 .76146301 



6 5 Peg . 

N.V.iJnelL.Vcr.fine 



773,8179.7614630 

776,4549-76^6613 

779*09« 9.761*595 
781,7489.76*0577 

784,3669.76**557 

7*7*0049.7614537 
789,6419. 76*65 17 

791,1819.76**496 
794,9109.7630474 
797*5599-763*45* 
*oQ,i99 9.76344*9 
*o*,839 9.7636405 
805,479 9.763*3*1 



;8o8, 110 9.7640356 
810,761 9.764*330 
813*4039.7644304 
816,0449.7646*77 
818,6879.764**50 

811,3199.76 50111 



**3*97* 9-765*193 
;«i6,6i5 9.7654164 
819,159 9-7*56134 
832,903 9.7658103 
*34#547 9*7660071 
837,1919.7661040 



1*39**37 9.7664007 
843^4839.7665974 
845,1189.76671940 
*47*774 9.7669906 
850,4119.7671*71 
853,0689.7673*35 



>il ■ ' p V , 



855*715 9-7675799 
85**361 9.767776* 

86 190109.76797*5 
863,6589.76*1687 

866,307 ^7683648 

868,956 9.76*5608 



*7 1*605 9.7687568 

*74,*55 9.76*95*^ 
876,904 9.7691486 

*79*555 9«7693444 
881,105 9.769540* 

**4**56 9.7697359 



887,5089.7699315 
890,1599.7701*71 
891,8119.7703**5 
895,4649.77051*0 

898,1179.7707134 
900,770 9.7709087 



903*4*39.7711039 
906,0779.771*991 
908,7319.771494* 
911,3859.7716893 

914,0409.771**43 
916,6959.77*079* 



919*35*9.77**741 
911,007 9.7714689 
914,6639.7716636 

9*7*3199.77**5*3 
919,9769.7730530 

93**63419 .773*475 



66 P e g. 

N.y.fineCVcTlSS 



593*»634|9. 77 3*475 

5935**91 
5937*949 



I 6y Deg < 

NirfineiL.V€r. 



9.77344*0 
9.7736^65 



5940,607.9.773*30* 
5943**669.7740151 

5945»9*5'9.774*i94 
594**^*4'9.7744136 



595***449.7746077 
5953*9049.774*01* 
59564564 9.774995* 
5959»**5 9-7751*9* 
5961,8869.7753*36 
5964»547 l9.7755775 



5967,^099.77577** 
5969,8719.7759649 
597*15339-7761586 
5975*1969.77635*1 
5977**599-77*5457 
598o,5aa|9.77*r39i 



59*3*1*69.77693*5 
59*S»*50 9.7771*5* 
59***514 9*7773191 
599**1799-7/751*3 
5993**44 9.7777055 
5996*510 9.777*985 



5999*^759-77*0916 

6001,841 9.77**845 

6004,508 9.77*4774 

6007,1759.77*6703 
6009,84a 9.77*8630 

6013^5 09 9.779055* 



6015,1779.779*4*4 
6017,845 9.7794410 

6010,5149.7796335 
6013,181 9.779**^ 
6015,85a 9.7800184 
6018,511 9.7801108 



6o3/,;i9 19.7*04031 

6033,8619.7*05953 
6036,531 9.7*07*75 
6039,101 9.7*09796 
6041,8739.7*11716 
6044,545 9J[* 13636 

6047,1179.7*15555 
6049,8899.7*17474 
6051,561 9.7*1939* 

6055**349.7**1309 
6057,907 9.7**3**6 

6060,5819.7**5143 



6063,155 9.7817058 
6065,919 9.7818973 
6068,603 9.7830888 
6071,178 9.7831801 

6073*953 9-7*347* 5 
6076,619 9.7836617 



6079*3059.7*3*539 
6081,981 9.7840450 

6084,657^.7*4*361 
6087,3349.7*44*71 
6090,0119.7*461*1 
6091,6899.7848090 



6091,6^9 



6095,367 9.7*4999* 
609^0459.7851906 
6100,7139.78538^13 
610394019.78557^0 
6106,081 9.7857616 
6108,7609.7859531 



6111,4409.7861436 
61x4,1109.7863340 8 
61J 6,^01 9« 7865143 9 
6»9^8i 9.7867x46 10 
6111^163 9.7869049 11 
6114,8 44 9.78709 50111 

6117,516 9.7*71*51 
6130,1089.787475111^ 
6131*890 9.7876651 ic 

613^5739.7*7*55116 
6138,156 9.7880450 17 

6140,940 9.7881348 18 



9.7848090 



6143*613 9.78*4*46 19 
6146,307 9.7**6*43*0 

614**99* 9.7**3039 21 
6151*676 9.7**9935 ** 
6154* 361 9.7*9**3oi3 



6157*047 



6159*73*9.7*95*1**5 
6161,418 9.78975 izl>6 

6165*105 9.7*99405 
6167^7919.7901197 



9 



9.7893715 



*<7<^47*|9.79^i**j*9 

6«75**53|9-790*97^3i 
617**541 9.79PJ**59 3* 
*i*i**lo 9.79*074^ 33 
*i*3>?'^?'79if:*37 34 
6186,6079.791451535 

6189,19 6 9^7 916413 36 



6191,9869.791830013 
6194,676 9.79101 86| 
6197,366 9.7911071 
6100,056 9.79439s 
6101,747 9.79*5*41141 
6*05,438 9.79*77*5 4* 




6208,130 9.7919608 43 
6110,8119.793149x44 

6*13*5149.79333734^ 
61x6,106 9.7935154 46 
6118,8999.793713547 
6111,591 9 793901 5 48 



6124,186 9.7940^95 49I 
6**6,979 9.794*774 50 
6119,6719,794465351 
6131,36819.794653 X 5* 

- - 53 
6*37*757 9. 7950**5 541 



6*40,453 9.795***1 55 
6H3*14* 9.7954037 ^6 
6»45i*44p.795 59**^7 



6148,541 9*79577*6 



5* 



i5-.^J-..AJ 'ilt.J'L.'^>..J^»'JF 



6*51**37 9.7959660 59 
**53.934b-796i 533*0 



3 



I 



S4 Deg. 



5 
8 



14I8995J225I9.9540120 

16 

«7 
18 



26 

a? 
28 

?? 
3> 
3» 
33 

34 

[35 
36 



N.V .iine|I>.Ver.fine 

»95 4*7m | 9«95^05'8 
9.952192X 

9«95»33»3 
9.9524725 

9.9526x27 

9.9527528 

9.9528929 



I 8957,60^^ 
28900,501 

8963,395 
4 8966,288 

8969,181 

^97*1^75 

8974>9^^ 
8977,862 

9 8980,755 
10 8983,649 

It 8986,543 

12 8989,437 

«3 899*>33i 



8998^1x9 
9001,014 
9003,908 
9006,803 



19 9009,697 
209012,592 

21 9015,486 

22 9ox8,38i 
2} 9021,276 
249024,171 



9029,961 
9032,856 

9035*751 
9038,647 

9041,541 



9044*438 



9050,229 

9051>"5 
9050,021 

9058,917 



9'95303»9 
9.9531729 

9w9533»9 
9.9534528 

9-95359»7 
9.9537325 



9.9541518 

9.9542914 

9'95443" 
9.9545706 



9.9547102 
9.9548497 
9.9549892 
9.9551286 
9.9552680 

9-9554073 



9027,0669.9555466 



9.9556859 
9.9558451 

99559643 
9.9561034 

9.9562425 



9.95638x6 



9047*334 9-9565*06 



9.9566596 
9.9567985 

9*9569374 
9.9570763 



9061,813 
9064,709 
9067,605 
9070,501 

9073*398 
9076,294 



43 
44 
45 

46 
47 



49 

5« 
5* 
53 

54 



9079,191 
9082,087 



9.9572151 

9*9573539 

9»95749a6 

9-9576313 
9.9577699 

9.9579086 



9.9580471 
9.9581857 



9084,984 9.9583242 



9087,881 
9090,777 



9093,674 9.9587394 



9096,571 
9099,4^8 
9102,365 
9105,262 



55 



9111^057 



9.9584626 
9.9586010 



9.9588777 
9.9590160 

9-959M43 
9.9592925 



9131,340 
9^134,238 
9137,136 
9140,034 

9142*93^ 
9145,83^ 



85 Peg , j 

N,Vkfint|L.VwIliiM 



9ia?*443 9*9603967 



9148,7*9 
9151,627 

9' 54.5*6 
9157,424 
9160,323 
91 63,222 

9166,120 
9169,019 
9171,918 
9174.817 
9177,716 
9180,615 



9.9613608 
9.96149^3 
9.9616159 
9.9617733 
9.9619108 
9.9620482 



9i83»5i4 
9186,413 
9189,313 
9192,212 
9x95,111 
9198,011 



9-9605345 
9.9606723 

9.9608 101 

9.9*09478 
9.9610855 
9.96I2232 



9.9621856 
9.9623229 
9.9624602 

9.9625974 
9.9627346 

9.96287x8 



9.9630089 
9.9631460 
9.9632830 
9.9634200 
9.9635570 
9.9636939 



9200,910 
9203,810 

9206^7x0 
92C9,6c9 
9212,509 

91J 5*409 
9218,309 
9221,209 
9224,109 
9227,009 
9229,909 
9232 ,810 

9235,710 
9238,6x0 
9241,511 

9244»4ii 
9247,3x2 

9250,2x3 



9.9638308 
9.9639676 
9.964x044 
9,9642412 

9.9C43779 
9.9645146 



9»53*"3 



9.9646513 

9647879 
9.9649244 

9.9650610 
9.9651974 
9-9653339 
9.9654703 
9.9656067 
9.9657430 
9.9658793 
9.9660155 
9.9661517 



86 Peg, 

N.VJineiL.VerJinc 



9322,749 

93*5*651 
9318,554 
9331*456 

9334*359 
9337**61 



930**435 



^305*337 
9308,239 

93"*«4> 
9314*043 
9316,945 

93«9*847 



9.9685967 



9340,164 
9343*066 

9345*969 
9348*871 
9351*774 
^354*677 



9357*580 
9360^3 

9363,386 

9366,289 

9369,192 

9 37**09 5 

9374,998 
9377>9or 
9380,804 
9383,708 
9386,611 

9389,5*5 



9401,129 
9404,033 
9406,936 



9.9662879 



9256,014 9*9664240 



9*58,915 
9*61,816 
9264,717 
9*67,618 



9x08,160 9.9594306 



9*70,519 
9*73*4*0 
9*76,3** 



9.9665601 
9.9666961 
9.9668322 
9. 9^669681 1 



9409,8409.97358** 
9412,7449.9737162 



9,9687321 
9.9688675 
9.9690029 
9.9691382 
9.9692735 
9.9694088 



9.9695440 
9.9696792 
9.9698x43 
919699494 
9.9700^45 
9.9702195 

■9^03545 
9.9704894 

9.9706243 

9.9707592 

9.9703940 

9.9 7x0288 

9.9711635 
9.971*982 
9.9714329 
9.9715675 
9.9717021 
9.97x8367 



9.9719712 
9.972x057 
9.9722401 

9-9713745 
9.97*5088 

9-9>*643' 

9-97177741 
9.9729117 



9392,418 

9395*311 
9398***59-9730458 



9.9731800 
9.9733X4X 
9.973448* 



9415,648 

9418,55* 
94*1,456 

9424,360 



9.967x041 
9.9672399 

9.967J758 



9*79,**3 9'9675"6 



9.9595688 



9 "3*954 9-9597069 



569116,85* 

579119*749 

{589122,647 
59 91*5*545 



|6 oi9 128^44^ 9-9603967 



9-9598449 
9.9599829 

9.960x209 

9.9602588 



9282,124 
9*85,026 



9.9676474 
96778a 



9287,927 
9*90*829 
9*93,730 



9.9738502 
9.9739841 
9.9741180 
9.97425 1 9l 

9.97438^7 

9-9745^94 
9-974653* 



9496,976 
9499,88x 
9502,786 
9505,692 
9508,597 
9511,502 



9514,408 

95*7.3^ 
9526,219 

95i3»i*4|9-978779 



95*6,030 
9518,935 



9427,264 
9430,168 

9433*07* 
9435*976 9-9747868 



9.9679188 
9.9680544 
9.968i9or 



9296,632 9.96832^6 
9299,5339.96846121 



9438,881 
9441,785 

9444,689 

9447.594 
945^*498 

9453*403 
9456,307 

9459.1*1 



i7j^S^_ 



lArfC 



N.V,line 



9476,640 



9479*545 
9482,450 

9485.355 
9488,160 

9491,165 
9494*071 



9531.841 
9534,747 
9537,653 
9540,558 



9546,370 



9549,276 
9552,182 
9555,088 

9557.994 



9563,806 



9566,71a 
9569,618 

9571.515 



L.Ver.fine 



9.9766544 



9.9767875 
9.9769206 

9.-9770536 
9.9771866 

9-9773*95 

9- 97745*5 

9-9775853 
9.9777182 

9-9778510 

9-^779837 
9.9781x64 

9*978^9 1 
9.978381S 
9.9785144 
9.9786469 



9.9789x19 
9.979C444 



9.9791768 
9.9793092 
9.9794415 

9-9795738 



9543>4<^4 9-9797061 



9.9798383 



9.9799704 
9.9801026 
9.980*347 
9.980366S 



9560,900 9.98049^8 



9.9806308 



9575*4319-9811583 



9578,337 
9581,443 



9584,150 
9587,056 

9589*963 
9592,869 

^595.776 
9598,682 



9.9807627 
9.9808946 
(^.98x0265 



9.981290X 
9.98142x9 



9.9815536 
9.9816853 
9.9818169 
9.98^9485 
9.9820801 
9.9822x16 



9601,589 



9.9823431 



9604,49519.9824745 
9607,408 9.9826060 



9.9749205 

9-975Q5 41 

9.9751877 
9.9733212 

9-9754547 
9.9755882 
9;97572i6 

9-975855<' 



9610,308 
96x3,215 
9616,122 



_9 ^y,43Sl9-9685967 



Hhh 



9462,117 
9465,021 
9467,926 
9470,831 

9473.736 
9476,6^0 



9*9759881 
9.9761216 
9.9762549 
9.9763881 

9-97651*3 
9.9766544 



9619,029 

9611,935 

9624,842 

^6±7,749 
9630,656 
9633*563 



9-98*7373 
9.98286S7 

9.9830000 

9.98313x2 
919832624 
9.9833936 
9.9835248 
9.9836555 
9.9S -s786^ 

9.9S39x8( 
9.984049< 
9.984X79J 
9.9843x0) 
9.984441' 



9636,470 

9639.377 
9642,284 
9645,191 
9648,098 



*M* ikAit «A/* *\A/* *\^ ^tt* 1M^ ^uy* *^A/* <tt^ ^a/* *\A^ fSA^ '^^ 'tt^ ^A/* "tt^ *iM* *iaf* 



T A 






O F 



Difference of Latitude 



AND 



DEPARTURE, 

every Degree and Quarter-] 
of the Compass. 



vemfi's^m'me^e^s'xwe^sxwe'xwBix 



' t • > t 



> Con lie 



i«-^B 



l), I Ifcli 



m%,M 



p». 



oi 



X 

X 



D 

1 
z 



3 

4 



Diet, t* I 



Lat. 



0.999S 0.0175 
0.99940.0349 



0.9988 



oi 



4 



I i 



9 

10 

II 

12 

14 



J. 
4 



X 
4 



2i 



»5 

16 



«7 
x8 

19 



0.9986 
0.9976 
0.9961 

0-995? 
0.9945 
0.9915 
0.9903 
0.9892 



Dep. I 



0.0491 



0.0523 
0.0698 
0.0872 



I i r ■ ■ fl i , ■ I- 

Ditt. % \\ Pitt. 3 



Lat. 

1.9997 
1.9988 
1.9976 




<>.9744 

0.9703 

[0.9700 



4 



20 
21 
22 

»3 

»4 

26 

a? 
28 

»9 
30 

31 
3a 
33 

34t 

35 
36 



IO.9659 
.0.9613 

\ 0'9S^9 
0.9563 
0.95 XX 

0-94S5 
| 0-94i5 
0.9397 
0.9336 
0.9272 
0.9239 

0.9205 

0'9»35 
0.9063 

0.9040 



0.0980 1.9904 

II M ^ «a^« ._ 



0.1045 
0.12X9 
0.1392 
O.X467 



X 
4 



3f 



X 
4 




0.8988 
0.89x0 
O.8V29 
'0.88x9 



'0.8746 
!o.866o 



lo 



0.8572 
0.848b 
0.8387 
0.8315 



0.8290 

0.8x92 

0.8090 

I-II0.8032 



371^*79^^ 
38(0.7880 

777» 
0.7730 



39 



40 

4X 
4a 



0.7660 

0-7547 
0.7431 



0.7x93 
0.7071 

Dcp. 



0.2924 
0.3090 
.3256 
0.3369 



.3420 
0.3584 
0.3746 
0.3827 



0*3907 
0.4067 
0.4226 
0.4276 



0.4384 
0.4540 
0.4695 
0^47x41 

0.4848 
0.5000 
0.5X4X 



0.5150 
0.5299 
0.5446 
0.5556 



0.5592 
0.5736 
0.5878 

0-5957 



0.60x8 
0.6x57 
0.6293 
0.6344 



0.6428 
0.656X 
^.6691 



0.74x0 6. 67 ^6 



.73x4 o« 6820 



0.6947 
0.707 X 



«-9973 
X.9951 

1.9924 



Ltit. 



1.9890 
1.985X 
1.9805 
1^^784 

«'97S4 
1.9696 

1.9633 

96x6 



^S: 



0.0349 
0.0698 

0.098 X 



O.XO47 

o-»395 

0.1743 
0.1960 



0.2091 

0.2437 
0.2783 
0.2935 



1.9563 

1.9487 
X.9406 

1.940X 



0.3129 

0.3473 
0.3816 

0.3902 



0.4158 
0.4499 
0.4S38 
<1.486o 



1.93x9 
1.9225 
1.9x39 



1.9x26 
1. 902 1 
X.89XO 
1.8831 



I Lat. I Dep, 

2,9995 
2.9982 
2.9964 



2.9959 0.1570 



2.9927 



2.98860.2615 
2.9856 0.2940 



045x76 
0.55x3 
0.5806 



1.8794 
x.8672 
1.8544 
1.847S 



1.84x0 
1.8270 
X.8X26 
r.8o8o 



1.7976 
x.78ia 
X.7659 
X.7638 



X.7492 
X.7320 

1-7155 



'•7M.3 
i.6y6i 

1.6773 

X.6629 



1.658X 
X.6383 
X.6180 



«'5973 
X.5760 

'•5543 



X.5321 



1.4863 
1.48x9 



1,4628 

»>4387 
x,4i42 



Dep. 




t«030X 
1.0598 
X.0893 

I.IIXX 



X.XX84 
1.X472 
1.1756 



1.6064 X.X9J4 



X.2036 
1.23x3 
X.2586 



X.5460 X.2688 



X.2856 



X.5094 X.3X21 



1.3383 

£i43J 
X.3640 
X.3894 
1.4142 



Lat. 



2.8978 
2.8838 
2.8708 



2.8689 
2.8532 
2.8366 
2.8246 



2.8191 
2.8007 
2.7816 
i.7716 



2.76x5 

2.7406 
2.7189 
2.7x20 



2.9836 
2.9776 
2.9708 
2.9675 



0.0524 
0.X047 
0.X472 



0.2093 



] SiftT 



I Lat. I Dep. 1 Lat. 



0.3x36 
0.3656 
0.4x75 
0.4402 



2.963 X 0.4693 
2.9544 0.5209 
2.9449 0.5724 
2.^4240.5853 

2.9344 0.6237 



2.923 X 
2.9x08 
2.9IOX 



2.6964 
2.6730 

2.6488 
2.6458 



2*6239 
2.5981 

*-573* 



*.57X5 
2.5441 
2.5x60 



2.487 X 

».4575 
2.427 X 

2.4096 



3.9994 
3.9976 

3.9952 



3-9945 
3-9903 
3-9»48 
3.9807 

3:^78 1 
3.9702 
3*961 X 

3«95^7 



0,0698 
0,1396 
0,1963 



DiH. 5 llCoiuie 



4.999* 



0,087 



0.6749 
0.7258 
0.7289 



0.7765 
0.8269 
0.870 9 

0.8771 
0.9271 
0.9767 
1.0x07 



1.0261 
1.0751 
X.X238 
1.1480 



X.1722 
1.2202 
1.2679 
1.2827 



1.3x51 
X.3620 
x.4084 

X.4.X 



1.4544 
X.50OO 

«-54»3 



«-545» 

X.5396 
X.6339 



2.4944 X.6667 



»«3959 
2.3640 

»03'4 
2.3190 



2.298 X 
2.264X 
2.2294 
2.2229 



2.X94X 
2.X580 
2.12x3 



X.6776 
1,7207 
X.7634 
X.787X 



1.8054 
1.8470 
X.8880 
x.'9032 



X.9284 
X.9682 
2.0074 
2.0x47 



2.0460 
2.0840 
2.12x3 



Dep. 



Lat. 



0.6257 
0.6946 
0.7632 
0. 7804 

0.8316 
0.8998 



3.88120.9677 




3.8801 



3.8637 
3.8450 
3.8278 



3.8252 
3.8042 
3.7821 
3.766a 



3-75^ 
3-7343 



3.6820 
3-^54* 

3.6*5* 
3.6160 



3*595* 
3.5640 

3,5Ji8 
ft- 5*77 



3-4985 
3.4641 

3:1309 

3.4*87 
3.3922 

3-3547 
H3.3*59 



0.2093 
0.2790 
0.3486 
0.39 21 

0.4181 

0.4875 

0.5567 
0.5869 



4.99700,1745 
4.99400,2453 



4.99310,2617 



4.9878 
4.9810 

4.9759 



0.9719 



4.9081 0,9540 
4.9039 0,9754 
4.8907 
4.8728 

4.85*5 
4.8502 



4.7815 
4.7553 
4.7*76 
4.7077 



1-7535 
1.8160 

1*8779 

1.8856 



1.939a 
2.0000 
2.0564 



2,0602 

2.XI97 
2.1786 
2.2223 



3.31622.2368 
3.2766 2.2943 
5.23612.3511 
3.21282.3828 



3.1945 *.4073 
3.15202.4626 

3.X086 2.5173 

3.09202.5376 



3.0642 
3.P188 
2.9726 
2.9638 



a.571* 
2.6242 

2.6765 

2.6862 



2.8284 



Dep. 



2.9254 1.7280 
2.8774 2.7786 



2.8284 



4.97*6 
4.9627 

4.9513 
4.9459 



4-9384 
4.9240 




*^^ i 



0,3488 
o»43S8l 

5>490i| 

0,5226; 
0,60931 
0,6959, 

0,7337 



87 
86 

«S 

84!^ 

83 

82 



o,7822;|8i 



0,8682 



(1 



4.8296 
4.8063 

4.7847 



4.6985 
4.6679 

4.6359 
4.6194 



4.6025 

4.5677 
4-5315 
4-5199 



«i9537 
**o317 

*f"3i 

2,1378 



4.373* 



4.2886 



4.2858 
4*1402 



4.1934 *»7*3* 



4-1573 



4.145* 
4-0958 

4.ci45i 
4.0160 



Lat. 



993* 
3.9401 

3.8857 



3.7736 



801 

79 

1*0396! 78 
x,i24«(77 

76 



1,2096 
1,2X49 



1,1941 

1,3782 

i>45i4 



1,4619 

i»S45i 
•6278 

,6844! 



1,7101 
1,79x8 
1*8730 
»»9i54 



4.4940 2,1919 



44550 1,1699 63 

4.4147 »fl474| 
4.4096 



*>357o 



2^140 



4*3301 1,5000 



*»5705 



*»575* 
2,6496 



1,7778 



1,7960 

1,8679 
1,9389 

»,9785 



3,0091 

3*0783 
3*1466 



3 .8650 13, X 710 
38302 



3»*i39 
3,1803 



3-7157 3>$4S7 
3-7048 3»357* 



I Dep. 



3*6s68|3,4ioo|[47 

3-5967 

3-5355 



3*4733 

3»f355 



70 

69 

68 



676 

66 

65 



645 



Lat. 



^1 bift. I II Dift . 1 ||~Dift. 3 H Dirt. 4 II. Pjft 5 



73 

7* 
7' 



7s^ 

74 



6^ 
6qI 



59 
58 
57 

f^S 

55 

54 



I 

4 



X 

a 



1 
4 



X 
4 



I 



6i 



X 
4 



. 



5SI 
5*1 
51 



50 
49 
48 



4i 



X 
4 



46 

■ 

la 



JUh 



TABLE of Rumbs, (hewing the Degrees^ Minutes 
and Seconds thtt trery Quarter-point of the Compo/i 
makes with the Afm(&»ir. 




North. 



. byE. 



NbyW. 



(Points I DT M. S. 

* \>' 37 30 
of 8 26 15 

1 II 15 o 



.N.E. 



NNW. 



I i 

I i 

2 



South 



mmm 



E.byN,NW.byN 



a i 
3 



S. byE. 



<4 3 45 

10 52 30 

'9 41 15 

22 30 O 






$. by^. 



S* S« £• 



s. s. w. 



25 «8 45 

28 7 30 

30 5^ 15 

33 45 oSE. byS. 



or. Eaft 



■ 



Nor.Weft 



E.byE 



NWbyW 



3i 
4 



SW.by S. 



36 33 45 

39 22 30 

42 II 15 

45 o o 



I.N.E. 



W.N.W. 



• byN. 



■•^■■■Vl 



4i 

4i 
4 ♦ 

5 



Sou. Eaft 



1 • 



Son. Weft 



47 48 45 

50 37 30 

53 ?^ 15 

6 15 o'SE. byE.ISW.byW 



^ 



i 



5 t 



5 * 61 

5 . , 

6 67 30 O 



5+^4 4* 15 



W. by N. 



Eaft. 



Weft. 



59 3 .45 
52 30 



I 



E. S: £. 



W.S.W. 



6 i bo "18 45 

^ t 73 7 30 

^ * 75 56 »5^ 

7 7^ ^5 o ,E. by S. 



,U^ 



AT li^t. 



■fi 



7 * 8* 33 45 

7 { 84 22 30 

7 I 87 11 15 

8 *90 o o( fi?ft, ,1 Weft. 



W. by S. 



lAito 



FIN IS. 



